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The Rock Creek drainage is becoming increasingly 
popular as a place to fish and live. Rural living requires 
each residence to have a domestic well and septic system. 
Rock Creek residents have become concerned about the 
potential effects of septic-system nutrients, especially 
nitrate, on groundwater and surface-water resources. 
Background nitrate-N concentrations are 0.08 mg/1 in the 
groundwater and 0.003 to 0.009 mg/1 in the surface water. 
Nitrate-N levels in the groundwater increase down valley as 
water flows through the developed areas. Each septic system 
is estimated to add between 18 and 27 lbs of nitrate-N to 
the groundwater each year. Therefore, the increase in the 
nitrate-N concentration of the groundwater is attributed to 
the release of septic-system wastes to the aquifer. Before 
the groundwater discharges into Rock Creek, it flows through 
a discharge-area wetland with a shallow water table and 
riparian vegetation. During high water, the water table 
rises into the root zone causing seasonal saturation of the 
soils. This near surface zone appears to reduce the nitrate 
concentration of discharging groundwater through 
denitrification; thus limiting the impact of nitrate loading 
for part of the year. As the water table falls during the 
summer, the ability of this system to attenuate nitrate 
decreases. An observed increase in nitrate-N concentrations 
over the summer may be due to a decrease in available 
organic carbon as the water table falls below the root zone. 
Both groundwater and surface water in the Rock Creek Valley 
are of high quality.
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CHAPTER 1 
INTRODUCTION
The population of Western Montana is growing rapidly and 
the demand for vacation homes and property in the scenic 
mountainous areas in this region is increasing. In these 
rapidly changing areas, many of which depend on their pristine 
state to attract tourists and fishermen, the protection of 
groundwater and surface water quality has become a concern of 
land owners. Traditionally, homes and recreation cabins 
constructed in these rural areas depend upon either septic 
systems or pit toilets for sewage disposal. Waters with 
elevated nitrate concentrations in such areas are most often 
viewed as impacted by household sewage. However, most studies 
involving septic-system related nitrate contamination have 
been performed in heavily populated areas or regions where 
nitrate is used as a fertilizer by the agriculture industry 
(Keeney, 1986; DeWalle and Schaff, 1980; Denver, 1989; Sinton, 
1982; Cox, 1980). Few studies address the effect of septic- 
system waste originating from sparse rural development 
(Robertson et al., 1991). Interaction of septic system 
influenced groundwater with nutrient limited surface water has 
only been addressed in a few papers (Robertson et al., 1991; 
Duff and Triska, 1990).
Rock Creek is a blue ribbon trout stream that flows into
1
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the Clark Fork River 20 mi east of Missoula, Montana. The 
water of Rock Creek is considered to be of the highest quality 
and contains concentrations of the nutrients, nitrate and 
phosphate, in the part per billion range (Watts and Watson, 
1993). However, in 1991, residents and recreational users 
reported a growth of the filamentous alga, Cladophora. in the 
lower twenty miles of the creek (Watts and Watson, 1993) . Long 
terra residents of Rock Creek note that the growth of algae has 
increased in recent years, and that the 1991 growth exceeded 
previously observed growths. This apparent increase in algal 
growth also coincided with a period of expansion of low 
density housing 'development in portions of the Rock Creek 
Valley.
Watts and Watson (1993) studied the surface water and 
algae at several points along Rock Creek. They found nitrate 
and phosphate concentrations to be below 0 . 0 1 0  mg / 1  in the 
surface water throughout most of the year. However, no 
previous research has been conducted that examines the 
exchange of nutrients between groundwater and surface water in 
the Rock Creek Valley, This project was undertaken to 
determine if septic system effluent is impacting the 
groundwater adjacent to Rock Creek, and the degree to which 
impacted groundwater exchanges with Rock Creek.
GOALS AMD OBJECTIVES
The goal of this project was to evaluate the source.
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behavior, and fate of nitrate within a selected portion of the 
Rock Creek Valley. This work establishes the relationship 
between ground-water nitrate-N levels and creek chemistry, and 
examines how hyporheic processes (near-channel groundwater- 
surface-water interaction) affect nitrate concentrations. This 
study was focused on the area between Spring Creek and Ranch 
Creek, 5 to 12 mi from the mouth of Rock Creek. The following 
are specific objectives of the project:
1. Determine the thickness and extent of the 
floodplain material;
2. Develop water-table position and groundwater flow 
maps ;
3. Determine the interaction of the surface water with 
the groundwater by defining gaining and losing 
reaches of Rock Creek;
4. Establish background groundwater quality and 
examine the effect of existing sewage disposal 
practices on ground-water quality;




Rock Creek is a north flowing stream that discharges 
into the Clark Fork River about 20 miles east of Missoula. 
Rock Creek is bounded to the west by the Sapphire Mountains
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and by the John Long Mountains to the east. Headwaters are in 
the Sapphire and Anaconda Ranges. Elevations range from 3,500 
ft at the confluence with the Clark Fork River to over 10,000 
ft at its headwater in the Anaconda Range (Figure 1).
The study area is located between Ranch Creek and the 
confluence of Spring Creek and Rock Creek, between 5 and 12 
mi upstream from the confluence of Rock Creek and the Clark 
Fork River (Figure 2). Figure 3 is a simplified map showing 
the major geographic features. Elevation of the valley floor 
in the study area ranges from 3,660 to 3,840 ft. Rock Creek 
flows to the north, along the west side of the valley 
throughout the study area. Tributaries located in the study 
area include Ranch Creek, Brewster Creek, Sawmill Creek and 
Spring Creek. This area was chosen for the study because it 
is the most densely populated portion of the Rock Creek 
Valley. About 70 permanent residences and summer homes are 
located in the study area.
Hydrology
Rock Creek drains an area of 900 square miles. The main 
stem of the creek flows 50 miles from the confluence of the 
East, West, and Ross forks of Rock Creek before joining the 
Clark Fork River 20 mi east of Missoula. Individual drainages 
along the main stem of Rock Creek are much smaller than the 
headwater drainages. Ranch Creek is the largest tributary 
along the main stem of Rock Creek.






































Figure 1 : Rock Creek study area location map.
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Figure 2: Topographic map of the study area.















Figure 3: Simplified Diagram of the Study Area.
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Average peak flows in Rock Creek occur in May (1500 cfs) 
and June (1700 cfs) . Average base flow is about 200 cfs 
during the winter. Base flow conditions typically persist 
from August through March.
Geology
Both the Sapphire Range and the John Long Mountains are 
composed primarily of quartzites and argilites of the Belt 
Supergroup. In the Spring Creek drainage, limestone of the 
Wallace Formation is exposed.
Before the last ice age, about 35,000 years b.p., Rock 
Creek had carved a canyon in the study area about 180 ft 
deeper than the present valley floor. With the melting ice, 
the discharge of Rock Creek was much larger than today, 
carrying with it large volumes of sediment. These sediments 
were deposited on the valley floor, raising the valley to its 
present level. The high benches in the vicinity of Hamm 
Ranchettes and on either side of Ranch Creek may approximate 
the maximum level of the valley bottom. After the period of 
sediment deposition, the creek began to cut down through the 
gravel deposits until its current level was reached.
Glacial Lake Missoula (15,000 b.p.) rose to an elevation 
of 4350 ft (Alt and Hyndman, 1986) putting the study area 
under as much as 700 ft of water. In the southern part of the 
study area, several well logs record a layer of red or tan 
clay up to 5 ft thick at 3 0 to 4 0 ft below the ground
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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surface. This clay layer may be a remnant of the fine grained 
lacustrine sediments.
Sediments in the valley are composed primarily of sand, 
gravel, and cobbles of Belt Group quartzites derived from the 
surrounding mountains. These sediments comprise the aquifer 
from which all but a few wells in the valley extract their 
water. Water flows readily through these coarse sediments, 
allowing for productive wells.
NITROGEN BEHAVIOR IN SEPTIC SYSTEMS
Septic systems consist of two parts, the septic tank and 
the drainfield. Household waste water flows into the septic 
tank and undergoes anaerobic treatment. Nitrogen from organic 
matter contained in the waste water is converted to ammonium 
(NH4 *) in the septic tank.
Ammonium concentrations found in septic tank fluids vary 
considerably. Keeney (1986) reports a value of total nitrogen 
between 50 and 70 mg/1, approximately 75% ammonium and 25% 
organic nitrogen. Two septic systems located in the Missoula, 
Montana area were sampled by Ver Hey (1987) and contained 
total nitrogen levels of 41 and 76 mg/1. Canter and Knox 
(1985) report an average of 45 mg/1 total nitrogen from 
sampling of 99 septic systems, with a range between 9 and 125 
mg/1. A septic tank has no nitrogen removal capabilities, 
therefore the nitrogen found in the effluent will be 
delivered to the drainfield. Septic tanks produce anaerobic
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 0
and dissolved constituents in their reduced form. These 
conditions generally persist as the fluid leaves the 
drainfield and percolates through the biological mat beneath 
the typical drainfield.
Between the base of the biological mat and the water 
table, waste water percolates through an oxygen rich vadose 
zone which creates aerobic conditions. As the fluid moves 
through this zone, ammonium is converted to nitrate by the 
process of nitrification:
NH,* + 2O2 -» NO3- + 2H* + HjO
As septic-system effluent migrates through the vadose zone, 
all or part of the ammonium may be converted to nitrate. When 
nitrate-rich effluent reaches the water table, the underlying 
groundwater flow system begins to transport and disperse the 
nitrate, thus nitrate concentrations are initially reduced by 
dilution.
NITROGEN BEHAVIOR IN GROUNDWATER
Generally, nitrate is considered to be unreactive in 
oxygenated groundwater, i.e., it acts conservatively. 
However, nitrate can be reduced to ammonium by microbial 
action, plants may take up nitrate for biological uses, or 
nitrate may be reduced to nitrogen gas (Nj, or NgO) through 
denitrification {Keeney, 1986). Denitrification is the only 
reaction that permanently removes nitrate from the system. 
Reduction of nitrate typically occurs through microbial
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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action, where nitrogen is the electron acceptor. Organic 
carbon is usually considered to be the electron donor 
{Keeney, 1986) . However, Fe^* has been shown to be the
electron donor in some circumstances (Korom, 1992; Postma et 
al., 1991). There are two paths that nitrate reduction can 
take, ending either with NH 4 * or Nj gas. Reduction to ammonium 
is merely the reverse reaction of nitrification :
NO/ + 2H* + H 2 O NH 4 * + 2 O 2
Reduction of nitrate to ammonium does not remove nitrogen, as 
the ammonia can easily be converted back to nitrate if
oxygen-rich groundwater is encountered.
The denitrification path from nitrate to Ng gas is shown 
by the following sequence:
NOa" NO;' NO NjO N;
Most denitrifying bacteria are capable of completing the 
entire reaction, however, some can only complete a portion of 
the path (Korom, 1992) . A  balanced net reaction can be 
written in many different ways and usually omits the middle 
three steps. The following equation is from Korom (1992) :
50  + 4 NO3'  + 2H ;0  2N; + 4 HCO3 + CO;
Where C represents an arbitrary organic compound with an 
oxidation state of zero. Labile organic carbon may also play 
a role in the development of anaerobic conditions in an 
aquifer.
Under similar conditions, the endpoint of nitrate
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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reduction can be either Nj gas or ammonium. Robertson and 
Kuenen (1984) point out that many species of denitrifying 
bacteria are capable of using both oxygen and nitrate 
simultaneously, and suggest that denitrification takes place 
when some oxygen is still present. Knowles (1982) states that 
under complete anaerobiosis, reduction of nitrate proceeds 
towards ammonium. Tiedje et al. (1982) looked at energy 
yields for both reactions. They found when energy yield per 
electron donor was evaluated, denitrification provides more 
energy. Reduction to ammonium was favored when energy 
available per nitrate consumed was evaluated. From these 
data, Tiedje et al. (1982) suggest that the availability of 
electron donors to electron acceptors determines the 
direction of the reaction. When the limiting factor is 
electron donors, denitrification takes place. Reduction to 
ammonium is favored when electron acceptors are limiting.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 2 
METHODS
The methods used to characterize the physical and 
geochemical hydrogeology of the Rock Creek study area are 
described herein.
PHYSICAL HYDROGEOLOGY
In order to develop an understanding of the stratigraphy 
of the study area, well logs from the Montana Bureau of Mines 
and Geology were analyzed. Specific capacity data from the 
well logs were used to estimate hydrologie properties of the 
valley fill material (Driscoll, 1986). Geological maps were 
used, in conjunction with well logs, to estimate the depth of 
the alluvium in the tributary valleys of Rock Creek. The depth 
of the alluvium in the Rock Creek Valley was inferred from 
these data.
A network of domestic wells was selected for water level 
measurement such that data would be representative of: 1 )
groundwater conditions in the more populated areas of Hamm 
Ranchettes and Rock Creek Acres; and 2) the regional valley- 
wide conditions. Permission was obtained from land owners to 
monitor water levels and water quality from domestic wells. 
Water levels were measured on a monthly basis from August 1993 
to July 1994. Groups of wells were surveyed to a common datum
13
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using standard techniques, then elevations of the groups were 
connected to a common datum using a standard altimeter survey. 
Water-level maps were then constructed and groundwater flow 
directions determined.
In areas where a group of domestic wells were being 
monitored, staff gages were constructed in Rock Creek by 
driving a fence post into the creek bottom. By comparing the 
surveyed creek stage to the position of the water table in 
nearby domestic wells it was possible to determine where the 
creek recharges the groundwater system and where groundwater 
discharges to the creek. The distribution of selected water 
quality parameters was also used to determine the extent and 
amount of surface water-groundwater interaction.
Hydraulic conductivity was calculated using two different 
methods. Specific capacity data from well logs were used with 
Jacob's equation (Driscoll, 1986), then corrected for partial 
penetration of the aquifer using the Kozeny equation 
(Driscoll, 1986). The Jacob equation was designed for confined 
aquifers, however, drawdown of the wells was small compared to 
the thickness of the aquifer, a requirement for using this 
method on an unconfined aquifer. The second method was an 
estimate using Darcy's law and the known amount of groundwater 
that comes to the surface in Spring Creek. Variables that 
affect the calculation are the saturated thickness, the 
quantity of groundwater that comes to the surface at Spring 
Creek, and the groundwater gradients. All calculations for
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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both methods are shown in Appendix A.
GEOCHEMISTRY
Chemical analysis was performed on water from domestic 
wells that were being monitored. Water was taken from a hose 
bib or frost free hydrant. Water samples were passed through 
a sampling apparatus that included inline pH and dissolved 
oxygen probes. Water was flushed through the sampling 
apparatus until temperature, pH, and dissolved oxygen 
stabilized. Samples were filtered through an inline 0.45 
micron filter, filling two 1 2 0  ml bottles, one each for anion 
and cation analyses. Bottles were rinsed with filtered sample 
water prior to filling for analysis. Samples for cation 
analysis were immediately acidified with concentrated nitric 
acid as a preservative. One bottle was filled with an 
unfiltered sample from which alkalinity was measured. 
Parameters examined and laboratory methodologies are presented 
in Table 1. These data were used to establish baseline ground­
water chemistry data and to understand the evolution of the 
groundwater chemistry.
In order to determine the fate of the septic-system 
wastes in the aquifer, a system of shallow monitoring wells 
was installed in the groundwater discharge area near the 
confluence of Spring Creek and Rock Creek. These wells were 
used to determine the water-table position and to characterize 
the groundwater chemistry before it enters the surface-water
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Analytical Laboratory
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University of Montana, Geology
Parameter Units Method EP A method # Detection Limit (m g/L)
Ammonia (as N) mg/L Electrode 350.3! 0.01
Alkalinity (as CaC03) mg/L Manual colonmetric utration to pH 4.5 310.1 0.001
Hydrogen Ion (pH) pH units Electrometric 150.1 i 0-14 pH units
Oxygen, dissolved mg/L , Electrode 360.1 N/A! 1 i
Anions 1 1
Bromide mg/L Ion Chromatography 301.0 0.5
Chlonde mg/L Ion Chromatography 300.0 0.3
Nitrate (as N) mg/L Ion Chromatography 300.0 0.05
Nitrate (as N) mg/L Cadmium Reduction 353.3 0.001
Nitrite (as N) mg/L Ion Chromatography 300.0 0.4
Nitrate/Nitrite (as NX mg/L Ion Chromatography 300.0 N/A
Phosphate (as P) mg/L Ion Chromatography 300.0 0.5
Sulfate (as S04) mg/L Ion Chromatoyaphy 300.0 0.6
i i
Cations 1 j
AI ___ mg/L ICP^S 200.7 0.07
As mg/L hCP-ES 200.7 0.07
B mg/L ICP-ES 200.7 0.04
Be mg/L ICP-ES 200.7 0.0003
Ca mg/L ICP-ES 200.7 0.1
Cd mg/L ICP-ES 200.7 0.01
Co mg/L ICP-ES 200.7 0.03
Cr mg/L ICP-ES 200.7 0.008
Cu mg/L ICP-ES 200.7 0.01
Fe mg/L ICP-ES 200.7 0.03
Mg mg/L ICP-ES 200.7 0.1
Mn mg/L ICP-ES 200.7 .005
Mo mg/L ICP-ES 200.7 0.01
Na mg/L ICP-ES 200.7 0.1
Ni mg/L ICP-ES 200.7 0.02
P mg/L ICP-ES 200.7 0.2
Pb mg/L ICP-ES 200.7 0.1
Si mg/L ICP-ES 200.7 0.1
Sr mg/L ICP-ES 200.7 0.05
Ti mg/L ICP-ES 200.7 0.05
Zn mg/L ICP-ES 200.7 0.005
K mg/L ICP-ES 200.7 1.5
Note: The values for detection limits listed are conservative. Individual analyses may yield values "8DL" that are justifiai
Table 1 : Methods of analysis and detection limits 
for all ions analyzed.
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system. A total of 16 wells was installed in the shallow 
groundwater system on both sides of the Rock Creek road above 
the confluence of Rock Creek and Spring Creek. The 
installation method started by digging a hole and finished by 
pounding a PVC well point as far as possible into the ground. 
The water table in this area is within 2 ft of land surface. 
Initially 10 wells were installed on the west side of the Rock 
Creek Road. Then 6  more wells were installed, four in the 
pasture east of the road and two just west of the road next to 
the channel that parallels the road. Wells consisted of 
schedule 80 PVC with a slotted well point. Next to each well 
was a length of 0.5 inch polyethylene tubing, slotted for six 
inches and wrapped with nylon screen (Figure 4). Water samples 
were extracted from the ground through the polyethylene tubing 
using a peristaltic pump, then sampled using the same 
apparatus and methods as used with domestic wells.
Surface water samples were collected by grab sampling 
with a 500 ml beaker. Water was extracted from the beaker 
with a 60 ml syringe. A filter was attached to the syringe and 
the water filtered into two 1 2 0  ml bottles, one each for 
anions and cations. The cation sample was acidified with 
concentrated nitric acid. A third 120 ml unfiltered sample was 
collected for alkalinity analysis. Samples were analyzed using 
the same methods as for groundwater shown in Table 1.
Beginning in May, 1994, an additional sample bottle was 
filled with filtered water from surface water and monitoring
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 4: Monitoring well design.
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well sampling points. This water was analyzed for nitrate-N 
using the cadmium reduction method, which has a detection 
limit of 0.001 mg/1 (Table 1).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 3 
RESULTS
This chapter examines the nature and configuration of the 
aquifer, groundwater system, groundwater quality, and the 
nature and degree of surface water-groundwater interaction.
PHYSICAL HYDROGEOLOGIC SETTING
Twenty one domestic wells were selected to be monitored 
for this study. Seven staff gages were installed in the 
surface water near selected domestic wells. Five of the staff 
gages were located in Rock Creek and the remaining two were in 
ponds fed by groundwater. Domestic well, monitoring well, and 
staff gage locations, along with the number assigned each 
location are shown on Figures 5, 6 , and 7. Figure 5 shows the 
southern part of the study area between Ranch Creek and 
Brewster Creek. The central part of the study area, between 
Brewster Creek and the northern most house at Rock Creek Acres 
is shown on Figure 6 . The area in the northern most part of 
the study area (Figure 7) is referred to as the discharge 
area, as a portion of the groundwater appears to discharge 
into Spring Creek.
Well logs were used to determine the stratigraphy of the 
alluvial aquifer. Most of the wells in the valley are 60 ft 
deep, but vary from 35 ft to 100 ft. The well logs record very
20
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Figure 5: Domestic well and staff gage locations, 
and surface water sampling sites In the southern 
part of the study area.
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Figure 6: Domestic weil, staff gage, and surface water 
sampling sites in the central part of the study area.
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Figure 7: Discharge area monitoring well, staff gage 
and surfece water sampling sites.
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few changes in the stratigraphy and often show a uniform sand 
and gravel for the length of the well. Typically the sediments 
are reported to consist of sand, gravel, cobbles and boulders 
with a few clay lenses. Figure 8  shows a schematic cross 
section of the Rock Creek valley looking south. Since no wells 
penetrate to bedrock, the shape of the bedrock valley is 
inferred. Appendix E contains copies of the well logs for the 
Rock Creek Valley and those used in the construction of the 
cross section shown in Figure 8 .
with one exception, all available well logs examined from 
the study area show finished wells completed in the alluvial 
aquifer. The exception, well D2 is 100 ft deep and the 
lithology is listed as broken rocks and clay from 56 ft to 97 
ft. This may represent the presence of colluvium that covered 
the edge of the valley before the alluvial valley fill was 
deposited.
The tributary valleys of Gilbert Creek, Brewster Creek, 
and Ranch Creek are all of similar width. By assuming that 
they were V-shaped valleys before the recent sediments were 
deposited, and that the slopes on both sides of the valley are 
constant to the bottom of the V, the depth of the alluvium can 
be inferred. Figure 9 shows cross sections of Ranch, Brewster, 
and Gilbert Creeks taken from topographic maps. The maximum 
depths of the unconsolidated sediments filling these valleys 
are estimated to be 170 ft on Ranch Creek, 150 ft on Brewster 
Creek, and 170 ft on Gilbert Creek. Thus, the probable maximum
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Gilbert Creek Valley, 4000 ft from confluence with Rock Creek. 





Brewster Creek Valley, 1500 ft from Rock Creek Road. 






Ranch Creek Valley, 4500 feet from confluence with Rock Creek.
11n “ ÏÔÔ6 ft Cross sections are to scale.
—. Actual valley shape 
Inferred bedrock valley
Figure 9: Cross sections from topographic maps to 
estimate sediment thickness.
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depth of alluvium in the Rock Creek valley is between 150 ft 
and 170 ft.
THE GROUNDWATER SYSTEM
The water table in the valley-fill aquifer varies from 
less than 10 ft below ground surface near Rock Creek to 50 ft 
below ground surface near Ranch Creek. In the discharge area, 
near the confluence of Spring Creek and Rock Creek, depth to 
groundwater is less than three feet. Spring Creek and some of 
its feeder channels intersect the water table creating the 
marshy areas on the banks. Typically the water table is less 
than 10 ft below land surface adjacent to Rock Creek. Depth to 
the water table increases as the distance perpendicular to the 
creek increases. At Rock Creek Acres (Figure 3) , maximum depth 
to water is about 20 ft. Near Hamm Ranchettes (Figure 3), the 
water table is 40 to 45 ft below land surface. The high river 
terraces at the Hamm Ranchettes and areas north of Ranch Creek 
result in the deeper observed water table.
A map of the water table in the southern part of the 
study area on April 25, 1994, is shown in Figure 10.
Groundwater and surface water are at about the same elevation 
in the vicinity of well D1 and SGI. Groundwater flow in this 
part of the valley appears to be slightly toward Rock Creek. 
Most likely, groundwater discharging to the Rock Creek Valley 
from the Ranch Creek valley contributes to the shallow water 
table in this portion of the valley. As the valley constricts,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 10: Water table map of southern part 
of the study area on April 25,1994.
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the groundwater gradient increases and the channel of Rock 
Creek becomes elevated above the valley groundwater system, 
where the valley widens again to the north, the gradient 
decreases, bringing the water table elevation closer to that 
of the surface water. At the constriction in the valley south 
of Ranch Creek, Rock Creek becomes a losing stream (Figure 
10) .
The fluctuations in water levels over the course of the 
study at well D1 and SGI are shown on Figure 11. SGI is 
located slightly upgradient from well D 1 . The groundwater and 
surface water levels are very close at this station. Water 
level trends in this well and staff gage are almost identical- 
Figure 12 shows the water levels at wells D 6 , D7, and S G2.
Water level trends in the groundwater and surface water are 
similar, however, groundwater levels declined more than the 
surface water stage during the summer of 1994. This is the 
case for most wells in the study area. Again the Rock Creek 
stage is above the water table.
Figure 13 shows the flow system in the central part of 
the study area on April 25, 1994. The gradient is relatively 
constant in this part of the valley, increasing slightly where 
the valley narrows. Flow through this part of the study area 
appears to parallel Rock Creek or be slightly away from the 
creek. At each location. Rock Creek is losing water to the 
groundwater system.
Hydrographs of wells D9, Dll, and SGS, in the vicinity of
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Figure 13: Water table map of the central part of the 
study area on April 25, 1994.
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Hamm Ranchettes, are shown on Figure 14. The surface water 
stage in Rock Creek is higher than the water table. SG5 is 
located in Rock Creek slightly upgradient from well Dll, and 
well D9 is on the opposite side of the valley. Water levels in 
well Dll show similar trends as at SG5. Surface-water levels 
are elevated two to three feet above the water table. Water 
level trends in well D9 diverged from those of Rock Creek in 
the early summer of 1994. Groundwater entering the valley from 
the Brewster Creek drainage (Figure 3) may be responsible for 
this trend.
Flow in the area of the confluence of Spring Creek and 
Rock Creek, the discharge area, generally parallels Rock 
Creek. Figure 15 shows a map of the water table on July 11, 
1994. Immediately adjacent to Rock Creek, flow is away from 
the creek. In the center of the valley, flow is parallel to 
Rock Creek, but turns away slightly towards Spring Creek on 
the east side of the valley, indicating that groundwater is 
flowing into Spring Creek. Rock Creek is losing water to the 
groundwater system in this reach of stream. Surface water in 
Rock Creek is elevated one to three feet above groundwater. 
Lower Spring Creek, where the valley constricts (Figure 7), 
has a lower stage than does Rock Creek.
Heads in monitoring wells near Spring Creek varied little 
as groundwater levels declined during the summer compared with 
wells away from the creek. Figure 16 shows a hydrograph of 
wells M2, M3, and M4 in the northern part of the discharge
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Figure 15: Water table map of the discharge area. 
July 11, 1994.
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area. Well M3, which is immediately adjacent to Spring Creek 
and probably reflects the Spring Creek stage, declined 0.18 ft 
from May to August compared with a change of 0.7 ft in M 4 . 
Spring Creek appeared to maintain a more constant water level 
than other surface waters or than groundwater in the study 
area.
Aquifer Properties
Aquifer hydraulic conductivity can be viewed as the ease 
which with water can move through an aquifer. Two methods were 
used to calculate the average hydraulic conductivity in the 
study area. The first method used specific capacity data from 
well logs {Appendix A) . Results from this method gave a 
hydraulic conductivity between 2,100 and 2,700 ft/d. The 
second method used Darcy's law and the estimated amount of 
groundwater flowing to the surface in Spring Creek (Appendix 
A ) . This method gave a range between 1,600 and 2,500 ft/d. A 
likely average value that characterizes the Rock Creek 
sediments most in the range of overlap between the two 
methods. This compares with values given in the literature for 
glacial outwash deposits between 2.8 to 2,800 ft/d (Fetter, 
1988), with the lower values belonging to aquifers that 
contain a large percentage of fine, material. The Rock Creek 
alluvium is relatively coarse and should have values in the 
upper end.
Groundwater velocity is estimated to range between 50 and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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150 ft/d in the study area. The range is large because of the 
variability of the gradients between the wide and narrow 
portions of the valley. The highest velocities are encountered 
where the gradients increase at the constrictions in the 
valley, A value of 50 to 75 ft/d is probably reasonable for 
most parts of the valley. A porosity of 20-25% was used in the 
velocity calculations. This compares with literature values 
for porosity of sand and gravel mixtures of 10-35% (Driscoll, 
1986) , and 20-35% (Fetter, 1988) . A value in the lower end of 
literature values was used because of the poorly sorted nature 
of the sediments in the Rock Creek valley.
The groundwater system in the study area at any given 
time contains considerably less flow than Rock Creek. Using a 
calculated value of 2 , 1 0 0  ft/day for hydraulic conductivity 
and a gradient of 0.006 ft/ft measured in the Rock Acres 
subdivision, there is approximately 2 2  cfs of groundwater 
flowing through the Rock Acres area. This compares with at 
least 200 cfs of stream flow that occurs most of the year. In 
the area of the confluence of Spring Creek and Rock Creek an 
estimated nine cfs of groundwater discharges to Spring Creek, 
which then flows into Rock Creek. This is estimated to be 
about 40% of the groundwater that is flowing through the 
aquifer.
Summary
Rock Creek appears to be a losing stream through most of
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the study area. Its stage is elevated above the groundwater at 
staff gages 2 , 3, 5, 7, and 8  (Figures 5-7) . Visual inspection 
of the stream bank shows very few places where the groundwater 
seeps into the stream from the bank. The relationship between 
the hydraulic conductivity and the rate of infiltration from 
Rock Creek may be responsible for the difference in water 
elevation between the creek and groundwater. The rate at which 
groundwater flows down valley generally exceeds the rate at 
which stream channel water in Rock Creek leaks to the 
groundwater system. All observable discharge of groundwater is 
into the springs and seeps in the discharge area, which flow 
into Spring Creek and then into Rock Creek.
GEOCHEMISTRY
All surface water and most groundwater from the alluvial 
aquifer are of calcium-bicarbonate type, though concentrations 
vary considerably within the study area.
Three sources of water to the aquifer in the study area 
are indicated by groundwater chemistry. First, Rock Creek is 
the major source of recharge to the aquifer. Second, Ranch 
Creek is the main source of water in the southern part of the 
study area. Third, Brewster Creek is a minor source. Calcium 
concentration in water from domestic wells is the 
distinguishing component in source determination for Rock 
Creek and Ranch Creek waters. Increased magnesium 
concentration distinguishes a Brewster Creek source. Figure 17
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Figure 17; Domestic well calcium concentrations In the 
northern part of the study area on July 12,1994.
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shows the calcium concentrâtion found in groundwater from 
domestic wells in the southern part of the study area on July 
12, 1994. Ranch Creek (3.1 mg/1) has significantly less
calcium than Rock Creek (20.1 mg/1). Wells D3, D5, D 7 , and D 8  
are in the part of the aquifer fed by Ranch Creek. However, 
this signal is lost down gradient from well D 8  because of 
mixing which occurs as groundwater moves down valley. Below 
Brewster Creek the groundwater is well mixed and, water from 
Ranch Creek loses its identity as seen in calcium 
concentrations (Figure 18) . Wells D9 and DIO, located north of 
the Brewster Creek valley, consistently had the highest 
magnesium concentrations (Figure 19) . Groundwater from the 
Brewster Creek drainage is the likely source of this water.
Groundwater in the study area is of high quality. Table 
2 shows the EPA drinking water standards. All water examined 
from the alluvial aquifer was well below the drinking water 
standards for the ions analyzed. Iron was near the recommended 
limit in some samples, but this may be a result of incomplete 
purging of some wells prior to sampling. The detection limits 
of the instrument used for analysis of water samples were 
higher than the drinking water standards for lead, arsenic, 
and cadmium. However, these compounds were below measured 
detection limits for all samples and they are not expected to 
exceed drinking water standards. No analysis for organic 
compounds were performed.
The EPA recommends that the pH of drinking water systems














Figure 18: Domestic well calcium concentrations (mg/l) in 
the central part of the study area, July 12,1994.














Figure 19: Domestic well magnesium concentrations (mg/l) 
from the central part of the study area on July 12, 1994.
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Parameter Status Reg * MCL/(SMCL) MCLG ACCEPTANCE Status
(mg/L) (m g /L ) LIMIT
Ammonia (as N)










Nitrate (as N) FI 1 0 ! 1 0 1 +/- 1 0 %l
Nitrite (as N) 1 1
Nitrate/Nitiite (as N) 1 0 1 1 0 1
Phosphate (as P)
Sulfate (as SG4) defenred(250)| deferred(250)
Cations
AI l : (0.05-0.2)1 V - 30% 1
As 0.05  i
Be P' 0.001 0 !
Ca
Cd F t 0.0051 0,0051
Co
Cr FÎ 0.1 0.11 v/-15%;






Ni P! 0.1 0.1 ! + / -  15%  I





MCL « Maximum Contaminant Level F a» Final
SMCL » Suggested Maximum Contaminant Level IL » listed for regulation
MCLG -  Maxsnum Contarwrgnt Unwt Goal : P « proposed (Phase II and V proposals)
Action Level iNA ■ Not Applicable
Under review
Table 2: ERA drinking water standards (April 1992) 
for ions of interest.
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be maintained above a pH of 7. The pH of drinking water in the 
study area is below 7 in most wells, and below 6  in some wells 
in the southern part of the study area where Ranch Creek water 
dominates the aquifer. Recommended levels for iron, manganese 
and pH are set for aesthetic and taste characteristics, rather 
than for health reasons (Driscoll, 1986).
Groundwater nitrate-N concentrations from domestic wells 
are very low. Concentrations range from 0.06 mg/l to 0.26 mg/l 
during the course of the study. This compares with the 
drinking water standard of 10 mg/l nitrate-N.
Most ions in the groundwater show a mixing of Ranch Creek 
water that has low concentrations of various ions, with other 
water that has higher concentrations. Then concentrations 
appear to level off at an intermediate value as shown with 
calcium and magnesium concentrations from domestic wells in 
Figure 20. The behavior of nitrate is more erratic than other 
ions.
Figures 21 and 22 show nitrate concentrations from 
domestic wells on October 4,1993. Nitrate concentrations in 
groundwater increase down valley, reaching a peak at Rock 
Creek Acres. The lowest concentrations are observed in wells 
closest to Rock Creek. Concentrations near Ranch Creek (0.08 
mg/l) are considered background concentration.
Nitrate concentrations increase as groundwater flows 
through the study area. This, along with the difference in 
behavior of nitrate compared to the other ions, suggest that
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 20: Calcium, magnesium (upper), and nitrate (lower) 
concentrations from south to north (down valley) in the Rock 
Creek groundwater system.
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Figure 21: Domestic well nitrate-N concentrations (mg/l) in 
the southern part of the study area, July 12,1994.













Figure 22: Domestic well nitrate-N concentrations (mg/l) in 
the central part of the study area, July 12, 1994.
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septic systems are the likely source of the increase in 
nitrates above background concentrations. Water taken from the 
domestic wells was extracted from between 20 and 50 ft below 
the water table. Septic effluent percolates down to the water 
table, then apparently disperses into a larger volume of the 
aquifer. Nitrate concentrations at a given well may not 
reflect an immediately adjacent source. Thus, the increase in 
concentrations between the Hamm Ranchettes and Rock Creek 
Acres may be from a source in the vicinity of the Hamm 
Ranchettes. Although no well consistently has the highest 
nitrate concentration, the highest values were consistently in 
the Rock Creek Acres area.
General groundwater chemistry varied little during the 
year at most locations. However, nitrate concentrations showed 
some seasonal variation. Concentrations were lowest in early 
spring and highest in the fall. Factors that may have seasonal 
effects on groundwater nitrate concentrations include seasonal 
use of homes, uptake of nitrate by plants, and seasonal 
saturation of soils in riparian zones and areas with a shallow 
water table (Fustec et al., 1991).
GEOCHEMICAL EVIDENCE OF SURFACE 
WATER-GROUNDWATER INTERACTION
Surface water and groundwater have the greatest contrast 
in chemical composition during spring runoff. As snowmelt 
becomes a larger part of streamflow, concentrations of the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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major ions decrease. During spring runoff, it is possible to 
define areas that readily interact with Rock Creek by using 
calcium concentration as an indicator. Figure 23 shows the 
calcium concentration of Rock Creek and nearby well Dll over 
the course of the study. Calcium concentrations in Rock Creek 
drop by 50% to a low of 9 mg/l during spring runoff, a 
decrease which should be reflected in groundwater which 
interacts to a large extent with surface water. Well Dll shows 
a more constant calcium concentration than is seen in the 
surface water. This well is close to Rock Creek, but extracts 
water from 4 5 ft below the water table. The calcium 
concentration declines slightly during spring runoff, 
indicating that there is a little mixing taking place at 
depth. All samples from domestic wells near the Rock Creek 
showed similar results.
Concentrations of major ions in groundwater from domestic 
wells near Rock Creek are intermediate to those found in the 
surface water and in the groundwater farther from the creek. 
Figures 18 and 19 show the calcium concentrations in 
groundwater from domestic wells on July 12, 1994. At this time 
of year, calcium concentrations are higher in surface water of 
Rock Creek than in the groundwater. Groundwater with the 
highest calcium concentrations are from wells near the creek, 
while calcium concentrations tend to decrease slightly away 
from the creek. Chemistry of the deep groundwater near Rock 
Creek tends to represent the baseflow chemistry of the creek.
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Figures 21 and 22 show the nitrate-N concentrations in 
groundwater from domestic wells on Oct. 4, 1993. Groundwater
with the lowest concentrations are from wells close to Rock 
Creek. Although deep groundwater near the creek resembles 
baseflow creek water, the nitrate-N concentrations are much 
higher than found in Rock Creek. Nitrate-N concentrations 
increase in the groundwater as it flows down valley. However, 
the increase is much greater in groundwater farther from the 
creek than near the creek. One possible explanation for the 
lower nitrate-N concentrations near Rock Creek is that the 
water flowing out of the creek forces groundwater impacted by 
septic effluents to flow parallel to the creek, thus keeping 
the nitrate-N concentrations in groundwater near the creek 
low.
Water chemistry of Spring Creek is relatively constant 
during the summer. Calcium concentrations drop slightly in 
June (Fiçrure 24) . If a surface-water source had contributed to 
Spring Creek, then the chemistry of the creek should 
fluctuate more than it does. Chemical data confirms visual 
observation that most of the water in Spring Creek has a 
groundwater source.
Figure 25 shows the calcium concentration in groundwater 
from discharge area monitoring wells on June 13, 1995.
Calcium concentrations in shallow groundwater from wells M7 
(19.6 mg/l), M 8  (20.2 mg/l), and M9 (19.9 mg/l) resemble 
groundwater. Wells Ml (12.2 mg/l), M2 (10.8 mg/l), M3 (10.1
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Figure 25: Discharge area monitoring well calcium 
concentrations, June 13,1994
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mg/l), M4 (12.5 mg/l), MS (14.6 mg/l), and MIO (10.9 mg/l) are 
all heavily influenced by Rock Creek (13.2 mg/l).
Figure 26 shows calcium concentrations on July 1 1 , 1994. 
Groundwater with a Rock Creek source was detected in the same 
wells as in June. Well M 8  (16.6 mg/l) now reveals some 
influence from Rock Creek, compared with 18.7 mg/l in Rock 
Creek. Groundwater chemistry east of Rock Creek Road has 
little influence from Rock Creek. It is interesting to note 
that well M14 has a significantly lower calcium concentration 
(15.5 mg/l) than does well M12 (21.2 mg/l), which is west of 
M14 and closer to Rock Creek. This may caused by the presence 
of an old stream channel with a higher hydraulic conductivity 
along which water leaking from Rock Creek is directed to this 
well.
Shallow groundwater from well M 8  had a different pattern 
of calcium concentrations over time than did the other wells. 
Calcium concentrations declined during the summer from 20 mg/l 
in June to 14 mg/l in August. This decline most likely 
reflects the length of the flow path from Rock Creek to this 
well. Groundwater in well M 8  at this time probably flowed out 
of Rock Creek during spring runoff three months earlier. In 
May and June water from well M 8  resembled groundwater with its 
higher magnesium (7.1 mg/l) and nitrate-N (0.10 mg/l) 
concentrations.
Zones of influence of the surface water on the shallow 
groundwater of the discharge area are shown on Figure 2 7.
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Figure 26: Discharge area monitoring well calcium 
concentrations, July 11,1994.




Zone 1 Zone 3
5 7
Zone 1- Heavy Influence 
Zone 2- Slight Influence 










Figure 27: Zones of influence of surface water from Rock 
Creek on the ground water in the discharge area.
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Wells in zone 1 near Rock Creek always reflect surface water 
chemistry. Wells located in zone 2 also show the influence of 
the surface water, however, they are affected after peak 
runoff occurs in the late summer. Chemical data indicate that 
water in zone 2  appears to be a mixture of surface water and 
groundwater in late summer. During most of the year shallow 
groundwater in zone 2 is uninfluenced by surface water. Zone 
3 shows no influence from Rock Creek. These zones only reflect 
shallow groundwater. Chemistry of deeper groundwater is 
probably not affected by surface water.
SUMMARY
Rock Creek is losing water to the groundwater system at 
all locations where there are data. Surface water leaves Rock 
Creek and flows in the upper-most portion of the aquifer near 
the water table, but apparently does not mix to the depths 
penetrated by domestic wells. Although Rock Creek is a losing 
stream, there is significant interaction between the 
groundwater and Rock Creek. An estimated 4 0% of the 
groundwater available at Rock Creek Acres discharges into 
Spring Creek, which then flows into Rock Creek. The extent of 
surface water-groundwater interaction is similar to what 
Stanford and Gaufin (1974) found on the Tobacco River where 
groundwater with a surface-water source extended up to 600 ft 
away from the river and up to 12.5 ft below the water table. 
Thus large volumes of surface water may be present in the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5 9
upper portion of the valley floor aquifer during some times of 
the year.
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CHAPTER 4
FATE OF THE WASTES AND THEIR INFLUENCE ON ROCK CREEK
INTRODUCTION
Generally, nitrate is considered to be unreactive in 
oxygenated groundwater and thus to act conservatively. 
However, nitrate can be reduced to ammonium by microbial 
action, plants may take up nitrate for biological uses, or 
nitrate may be reduced to nitrogen gas (Ng, or NgO) through 
denitrification (Keeney, 1986). Denitrification is the only 
reaction that permanently removes nitrate from the system. 
Ammonium may be oxidized back to nitrate when it encounters 
oxygenated water. Nitrate that is used by plants is only 
temporarily removed because, when the plant dies and decays, 
the nitrogen is released back into the system. However, this 
process may account for nitrate loss over short time frames, 
such as seasonal periods.
Figure 28 shows the concentration of nitrate-N in 
groundwater from the domestic wells, moving down-valley 
through the study area on October 4, 1993 and June 9, 1994.
The final data point is Spring Creek immediately before the 
confluence with Rock Creek. Although the concentration of 
nitrate-N in Spring Creek was considerably lower than values 
found in the nearest domestic wells on October 4,1993, it was 
much higher than 0.07 mg/l found in well D2, which is
60
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considered background concentration. Input of nitrate into 
Rock Creek from Spring Creek at that time amounted to about 3 
kg per day. On June 9, 1994, nitrate-N concentrations in
general were lower than the previous October, but still 
increase to 2.5 times background. However, Spring Creek 
nitrate-N concentrations are now less than half of background 
concentration. This portion of the study focused on 
understanding the relationship between the concentration of 
nitrate in the groundwater and the concentration found in 
Spring Creek.
CHEMISTRY OF SHALLOW GROUNDWATER OF THE DISCHARGE AREA
Shallow groundwater found in the discharge area is 
distinguished from the deeper groundwater from domestic wells 
by its low dissolved oxygen, high iron and manganese 
concentrations, and the presence of ammonium in some locations 
(Table 3). The presence of these ions indicate that reducing 
conditions occur in areas with a shallow water table.
Nitrate-N concentrations in the discharge area tend to be 
lower than those found in the domestic wells throughout the 
study area. Figure 29 shows the nitrate-N concentrations in 
shallow groundwater from monitoring wells in the discharge 
area on July 11, 1994. Concentrations are below 0.1 mg/l in
all parts of the discharge area. Nitrate-N concentrations are 
lowest in groundwater near Rock Creek, due to the influence of 
surface water from the creek. Nitrate-N values east of Rock
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Well Date Ca Fe Mn N03 Cl Na pH D.O.
D10 07/12/94 12.9 <0.03 <0.005 0.054 0.649 2.41 6.36 10.4
D11 07/12/94 18.3 <0.03 <0.005 0.064 0.636 3.43 6.53 2.9
D12 07/12/94 16.6 <0.03 <0.005 0.157 0.975 3.52 6.46 4.8
D13 07/12/94 16.1 <0.03 <0.005 0.114 0.806 3.3 6.25 4.6
D14 07/12/94 16.6 <0.03 <0.005 0.179 0.846 3.39 6.77 6.4
D16 07/12/94 16 <0.03 <0.005 0.202 0.882 3.51 6.59 5.7
D17 07/12/94 17.1 <0.03 0.011 0.1 0.724 3.37 6.72 3.4
D18 07/12/94 16.1 0.06 0.014 0.177 0.853 3.39 6.37 4.7
D19 07/12/94 16.3 <0.03 <0.005 0.201 1.051 3.64 6.61 5.7
D20 07/12/94 17.9 <0.03 <0.005 0.101 0.73 3.61 6.75 4.1
M3 07/11/94 15.7 1.15 0.281 0.018 0.376 2.58 6.54 0.6
M4 07/11/94 15.8 0.11 0.005 0.006 0.568 2.93 6.73 0.8
M5 07/11/94 16.8 1.13 0.065 0.018 0.519 2.95 6.52
M8 07/11/94 16.6 10.50 0.419 0.099 0.777 4.53 6.51 0.2
M9 07/11/94 16.9 0.61 0.102 0.011 0.592 3.02 6.61 0.1
MIO 07/11/94 14.9 0.25 0.084 0.009 0.599 2.9 6.58 0.7
M12 07/11/94 21.2 0.35 0.685 0.049 1.318 3.54 6.95 2.2
M13 07/11/94 19.4 1.53 0.197 0.021 0.879 3.32 6.58 2
M14 07/11/94 15.5 1.70 0.175 0.051 1.126 3.38 6.66 0.8
M15 07/11/94 18.5 <0.03 0.007 0.063 0.898 3.53 6.59 2.9
M16 07/11/94 19.1 4.44 0.148 0.075 1.248 3.99 6.2 0.7
M17 07/11/94 25.8 2.50 0.151 0.024 0.797 4.09 6.47 0.4
Table 3: Comparison of groundwater from domestic 
wells with shallow groundwater of the discharge area.
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Figure 29: Discharge area nitrate-N concentrations (mg/l) 
on Juiy 11,1994.
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Creek Road varied from 0.024 mg/l to 0.075 mg/l, which is at 
or below what is considered to be background concentrations of 
0.07 mg/l to 0.09 mg/l in the southern part of the study area. 
Concentrations of nitrate-N from domestic wells in the Rock 
Creek Acres area in July ranged from 0.10 mg/l to 0.20 mg/l 
with an average of 0.16 mg/l.
Nitrate-N concentrations for the discharge area on August 
24, 1994, are shown in Figure 30. Concentrations are higher
than in July, ranging from 0.043 mg/l to 0.087 mg/l in the 
wells east of the road. Most of the wells near Rock Creek had 
gone dry as the water table dropped by the time of this 
sampling, but wells M3 (0.017 mg/l) and M9 (0.003 mg/l) still 
showed very low nitrate-N values.
Water chemistry data along with visual inspection of 
Spring Creek indicate that groundwater contributes most of the 
flow to Spring Creek- Surface water samples were taken at the 
mouth of Spring Creek immediately before its confluence with 
Rock Creek during the course of the discharge area study. 
Nitrate-N concentrations varied from 0.029 mg/l to 0.045 mg/l. 
This compares with 0.003 mg/l to 0.009 mg/l found in Rock 
Creek above the confluence with Spring Creek.
Shallow groundwater from the discharge area has much less 
dissolved oxygen than is found in the water of the deep 
aquifer. The highest concentration was 2.9 mg/1,, however, most 
concentrations are below l.O mg/l. There is little difference 
between the dissolved oxygen in the shallow groundwater east
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Figure 30: Discharge area nitrate-N concentrations (mg/l) 
on August 24,1994.
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of the road and in the area influenced by surface water from 
Rock Creek.
Groundwater in the discharge area contains considerably 
more iron than is found in domestic wells. All wells show 
elevated iron concentrations except well MIS, which had a 
higher dissolved oxygen concentration. Iron is thought to be 
Fe^* as only samples that have dissolved oxygen concentrations 
less than 2.5 mg/l have iron concentrations greater than 0.05 
mg/l. Water that contained high iron concentrations also had 
nitrate and sulfate indicating the water is not in chemical 
equilibrium, as reduced iron and oxidized nitrogen and sulfur 
were both present.
Anomalous ammonium-N concentrations were detected in the 
August 24, 1994 sampling. Ammonium-N concentrations of 0.4
mg/l and 1.3 mg/l were found in wells M12 and M16 
respectively. Possible sources of ammonium include ammonium 
released by anaerobic decay of organic matter or reduction of 
nitrate to ammonium. One possible explanation for the high 
ammonium concentrations is retardation of the flow of ammonium 
from the area where it is being formed (Richey et al., 1985,* 
Ceazan et al., 1989). Some reduction of nitrate to ammonium 
may have occurred while the sample was awaiting analysis.
Sulfate concentrations in the shallow groundwater of the 
discharge area are more variable than in groundwater from 
other parts of the study area. Sulfate concentrations in 
groundwater from domestic wells in the central part of the
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Study area were consistently between 5 and 6  mg/1. In the 
discharge area, shallow groundwater from well MS was less than 
0.6 mg/1, the detection limit, in all samples. Sulfate
concentrations in groundwater from well M15 was similar to 
that found in groundwater at Rock Creek Acres, 5 to 5.5 mg/1. 
At all other locations in the discharge area, groundwater 
sulfate concentrations were intermediate to those of MS and 
M15. The low sulfate concentrations in shallow groundwater at 
some monitoring wells in the discharge area suggest that 
sulfate reduction is taking place near those locations. No 
sulfide measurements were made to confirm this.
DISAPPEARANCE OF NITRATE
There are three possible explanations for the decrease in 
the nitrate concentrations found between Rock Creek Acres and 
the mouth of Spring Creek: 1) the groundwater is diluted by 
water that has much lower nitrate concentrations; 2 ) plants 
are using the nitrate; 3) denitrification is taking place, 
whereby nitrate is converted to nitrogen-containing gases. It 
is possible that all three scenarios are contributing to the 
disappearance of the nitrate in the groundwater.
Rock Creek is a losing stream throughout the study area. 
Water that flows out of the creek has very low concentrations 
of nitrate. This water flows away from the creek at the water 
table. However, geochemical evidence indicates that surface 
water from Rock Creek impacts a discrete zone near the creek.
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While mixing of surface water with groundwater accounts for 
the low nitrate-N concentrations near the creek, decreases 
seen farther from the creek do not appear to be related to 
surface water.
Nitrate is an essential nutrient for plants. Where roots 
extend down to the groundwater, they will absorb nitrate. 
Riparian vegetation found in the discharge area is using 
nitrate- Once the groundwater enters Spring Creek, aquatic 
plants also are using nitrate. Quantifying the nitrate uptake 
of plants in the discharge area was beyond the scope of the 
study. However, groundwater at well M 8  has a long flowpath 
through riparian vegetation but has relatively high nitrate-N 
concentrations. Therefore the absorption of nitrate by plants 
is not considered to play a major role in the removal of 
nitrate.
Conditions required for denitrification are the presence 
of: (1) nitrate; (2) labile organic carbon; (3) denitrifying
bacteria; and (4) reducing conditions (Starr and Gillham, 
1993} . Nitrate was present in all the groundwater analyzed in 
the study area. Organic carbon is readily available in areas 
with a shallow water table (Starr and Gillham, 1993) and in 
riparian zones (Fustec et al., 1991). Denitrifying bacteria 
have been shown to be prevalent in most environments (Tiedje 
et al., 1982) and are likely to be found in the discharge 
area. Reducing conditions have been shown to be present in the 
shallow groundwater of the discharge area. During spring
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runoff the rising water table brings the groundwater into the 
root zone in areas with a shallow water table, thus providing 
the organic carbon necessary to drive the reactions leading to 
denitrification.
Chloride is usually a conservative ion, and decreases in 
the concentration of nitrate relative to chloride indicate 
that nitrate is disappearing. Changes in nitrate-chloride 
ratios have been used to infer that denitrification is taking 
place (Robertson et al., 1991; Keeney, 1986). Chloride 
concentrations are relatively constant throughout the study 
area. If nitrate concentrations are falling relative to 
chloride concentrations, the value of Cl/NO, will increase. 
Values for CI/NO 3 on July 12, 1994, for groundwater from Rock 
Creek Acres (Figure 31) vary from 4.4 to 7.2 with an average 
of 5.6. The higher numbers are from the wells closest to Rock 
Creek. At Hamm Ranchettes values from domestic well water 
range between 3.7 and 12.0, with an average of 7.8. This 
compares with values of Cl/NOj from 8  to 42, with an average 
of 2 0 , in shallow groundwater of the discharge area that is 
not influenced by Rock Creek (Figure 32). Variations in the 
ratios may reflect differences in the ability of different 
parts of the aquifer to reduce nitrate. Ratios in groundwater 
adjacent to Rock Creek range from 21 to 95, reflecting the 
influence of the creek with its very low nitrate 
concentration. Surface water in Spring Creek immediately 
before it enters Rock Creek, has a chloride-nitrate ratio of














Figure 31 : C1/N03 in the central part of the study area on 
July 12, 1994.








o Monitoring Well Sites 






Figure 32: CI/N03 in the discharge area on July 11,1994.
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34, indicating still lower concentrations of nitrate relative 
to chloride than in the monitoring wells. On August 24, 1994, 
values for CI/NO 3 declined from the July numbers (Figure 33), 
reflecting higher nitrate concentrations. Decreases in the 
chloride-nitrate ratio from Rock Creek Acres to Spring Creek 
indicate that denitrification is probably taking place.
MASS BALANCE
Mass balances are another tool used to infer that 
denitrification is taking place. A  discrepancy in the mass 
balance may indicate that denitrification is taking place. 
Septic systems in the Missoula valley are reported to 
contribute between 18 and 27 pounds of nitrate-N to the 
groundwater each year (Ver Hey, 1987). With approximately 70 
dwellings in the study area this amounts to an estimated input 
of between 1200 and 1900 pounds of nitrate-N per year added to 
the groundwater in the study area. If this amount of nitrate-N 
is completely mixed with the 2 2  cfs of groundwater that is 
estimated to be flowing through the valley at Rock Creek 
Acres, it would raise the nitrate-N concentration between 
0.029 and 0.043 mg/1. When this is added to background
concentrations of 0.07 to 0.09 mg/1, final concentrations 
before discharging into Spring Creek should be between O.lO 
and 0.13 mg/1. Values similar to these were found in Spring 
Creek on October 4, 1993 (0.11 mg/1) and in well M 8  on July
11, 1994 (0.10 mg/1). Concentrations exceeding this level in
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the Rock Creek Acres area may be from mixing of septic 
effluent with a smaller volume of groundwater. Since septic 
system effluent enters the groundwater at the water table, it 
is doubtful that there would be complete mixing. Nitrate-N 
concentrations are probably higher in the upper portion of the 
aquifer than at depth. Most domestic wells that were sampled 
extract groundwater from between 20 and 40 ft below the water 
table.
A steady-state mass balance of nitrate in Spring Creek 
shows considerable loss of nitrate during the summer. On Oct. 
1, 1993, Spring Creek had a measured flow of 11 cfs. This
probably represents base flow for most of the year. Using 11 
cfs for the flow and 0.029 mg/1 nitrate from July 1994, 780 
grams nitrate are entering Rock Creek through Spring Creek 
each day at this time. Using a concentration of 0.12 mg/1 
nitrate-N for the groundwater flowing into the discharge area, 
3,200 grams of nitrate per day should be entering Spring 
Creek. This leaves a difference of 2,420 grams of nitrate per 
day that is unaccounted for,
LITERATURE REVIEW
Loss of nitrate in areas of shallow groundwater has been 
documented in the literature. Trude11 et al. (1986) studied a 
shallow, sandy aquifer (3 ft to water) at Rodney, Ontario. A 
chemical profile of the site showed that nitrate decreased 
with depth, as did dissolved oxygen. Alkalinity increased in
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the zone where the denitrification was inferred to be taking 
place. They found adequate organic carbon in the soil and 
aquifer material to drive the denitrification reaction. An 
injection experiment (Trudell et al, 1986) confirmed that 
denitrification was taking place in the saturated zone.
Starr and Gillham (1993) working on the Rodney site and 
another site at Alliston, Ontario, proposed that the depth to 
the water table affects denitrification activity in the 
saturated zone. Both sites have a similar lithology of fine to 
medium sand, however, the water table at the Alliston site is 
12 ft deep. Starr and Gillham (1993) concluded that the 
thickness of the vadose zone affected the infiltration of 
organic carbon to the saturated zone. Thus, denitrification is 
unlikely to occur in aquifers where the water table is greater 
than 6  to 9 ft deep.
Korom (1992) performed a tracer test in shallow 
groundwater in Utah. He found an increase in both HCO 3 and SO 4  
in the zone where nitrate decreased. It appeared that both 
organic carbon and sulfide were the electron donors for the 
reduction of nitrate. A similar mechanism for denitrification 
was seen in a sandy aquifer in Denmark (Postma et al., 1991) . 
There sediments contained both coal fragments and pyrite. 
Although organic matter was much more abundant, pyrite was 
thought to be the major electron donor using the reaction :
2 F e S z  + 6NO3* + 2H2O -» 3N2 + 2FeOOH + 4 S 0 4 ^ ' + 2H *  
Fustec et al. (1991) studied the role of a former channel
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7 7
of the Garonne River, France in the removal of nitrate by 
denitrification. Groundwater from nearby, intensively- 
cultivated areas flows into the former river channel. Depth to 
the water table varied between nine and 17 ft below ground 
level in the agricultural areas and between 0 . 5  ft above 
ground level to five feet below ground level in the former 
channel. The primary difference between the groundwater 
chemistry of the former channel and the agricultural areas 
involved nitrate and dissolved Mn^*and Fe^*. No dissolved iron 
and manganese were found in the wells on the higher ground. 
These wells had very high nitrate-N concentrations (average 
10.5 mg/1). Groundwater from the former channel had high
concentrations of iron (average 12.4 mg/1) and manganese
(average 0.42 mg/1), while nitrate-N concentrations were very 
low (average 0.50 mg/1). There was considerable seasonal
variation in the nitrate-N concentrations in the former 
channel. During the summer concentrations approached zero, 
rising over the winter and peaking in the spring. Fustec et al 
(1991) were able to determine a denitrification rate by 
measuring in situ gaseous nitrogen losses.
The above studies support a model for the discharge area 
in which denitrification is taking place in the saturated 
zone. Rock Creek shares some similarities in that the chemical 
conditions necessary for denitrification are present and depth 
to water in the discharge area is less than 6  ft . Further 
support for the model is given by the discrepency in the mass
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balance and the changes in the chloride-nitrate ratios. 
However, all the above studies were conducted in areas with 
nitrate contamination from agricultural sources. None of the 
studies address denitrification in groundwater with nitrate 
concentrations as low as those found in the Rock Creek 
aquifer.
SUMMARY
During the summer, the shallow groundwater areas along 
with the riparian zones are able to substantially reduce the 
quantity of nitrate that is entering Rock Creek through Spring 
Creek. The study did not continue into the fall, but data from 
the previous year indicate that this ability to reduce the 
nitrate levels decreases late in the summer. On October 1, 
1993, the concentration of nitrate-N in Spring Creek was 0.11 
mg/1. It is possible that as the level of the groundwater 
falls during the summer, there is less organic carbon 
available to drive the denitrification reactions. This results 
in the higher concentrations seen later in the fall. The 
result is that there was approximately three times as much 
nitrate flowing into Rock Creek from Spring Creek in October
1993 than there was during the summer of 1994. Nitrate that
enters Rock Creek late in the growing season is more likely to 
pass down the creek without grbwing algae than if it were to
be put in the creek during the summer.
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CONCLUSION
From this study, the data suggest that protection of 
riparian areas, wetlands, and seasonal wetlands are extremely 
important in maintaining the water quality of Rock Creek. If 
these areas are degraded, the water quality of Rock Creek may 
deteriorate. There appears to be a direct relationship between 
intact wetlands and riparian zones and water quality.
Groundwater of the study area is high quality with 
respect to all criteria except pH. Most of the groundwater in 
the study area has a pH of 6.3 to 6.7. The EPA recommends that 
the pH of drinking water be above 7. Water with a pH below 7 
is not harmful, as the standard for pH is set for aesthetic 
purposes. Domestic well water is below drinking water 
standards for all ions analyzed.
Water flowing through the aquifer in the study area 
receives an estimated input of between 1,200 and 1,900 lbs of 
nitrate-N from the septic systems each year (Ver Hey, 1986) . 
Nitrate concentrations increase by 2.5 times in domestic wells 
between the Ranch Creek area and Rock Creek Acres from 0.08 
mg/1 to 0.20 mg/1. This compares with nitrate concentrations 
in Rock Creek of 0.004 mg/1. Rock Creek is a losing stream 
throughout the study area. Groundwater that is affected by the 
septic systems flows parallel to Rock Creek, not interacting
79
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with the creek until it reaches Spring Creek. Before entering 
Spring Creek, the groundwater flows through an area with a 
shallow water table and riparian vegetation. Much of the 
groundwater nitrate appears to be lost through denitrification 
in this shallow groundwater zone. Uptake of nitrate by- 
vegetation in the riparian zone and by aquatic plants in 
Spring Creek are the final buffer between the groundwater and 
Rock Creek. However, the loss of nitrate appears to be 
seasonal. The ability of this system to attenuate nitrate 
appears to decrease over the summer. In the fall. Spring Creek 
is a larger source of nitrate to Rock Creek than in the 
summer.
In the summer of 1991, there was a growth of the 
filamentous alga Cladoohora in Rock Creek. Watts and Watson 
(1993) studied nutrient levels in the surface water of Rock 
Creek and in the algae. Data from the Rock Creek Cladophora 
Study (Watts and Watson, 1993) indicate that Cladophora was 
most prevalent near the confluence of the East and West Forks 
of Rock Creek. In the lower reaches of Rock Creek, the 
location that had the most Cladophora was near the Norton 
Fishing Access. This site is in the southern part of the 
groundwater study area, below the confluence of Ranch Creek 
and Rock Creek. Along the main stem of Rock Creek, Stations 
four and nine had the most growth of Cladophora. These two 
stations also had the highest average nitrate-N 
concentrations. The source of the nitrate at the Norton
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Fishing Access is probably Ranch Creek. Ranch Creek 
consistently had higher concentrations on nitrate-N than Rock 
Creek (0.007-0.04 mg/1 vs 0 . 003-0 . 009mg/l) . The nitrate in 
Ranch Creek is probably natural. There is only one dwelling 
and a campground upstream from the sampling location and the 
headwaters are pristine. It is doubtful that these two inputs 
could account for the concentrations found in the creek.
There was no sampling station near the confluence of Rock 
Creek and Spring Creek in the Rock Creek Chladophora Study 
(Watts and Watson, 1993). Water samples were taken 
approximately 0.5 mi below the confluence of Rock Creek and 
Spring Creek during the discharge area study. Surface water 
samples taken at this location had approximately the same 
concentrations of nitrate-N as did surface water from Rock 
Creek immediately above its confluence with Spring Creek. If 
Chladophora grows near inputs of nitrate, then there should be 
some growth below the confluence of Spring Creek and Rock 
Creek.
RECOMMENDATIONS
Water quality monitoring in this study covered a period 
of one year, from August 1993, to August 1994. The summer of 
1993 was very wet, while the summer of 1994 was very dry. 
Yearly changes in weather patterns probably have little effect 
on the chemistry of the deeper groundwater. Changes in 
precipitation and temperature may influence the reactions
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taking place in the shallow groundwater of the discharge area. 
These factors may play a role in the timing and quantity of 
nitrate inputs into Rock Creek through Spring Creek. The 
summer of 1994 was a hot, dry year and may not accurately 
reflect conditions found in a normal year. I recommend that 
water chemistry of Spring Creek be monitored seasonally. 
Periodic monitoring of water chemistry in Spring Creek will 
show the annual variations in the water entering Spring Creek 
as well as document changes in groundwater quality that may 
occur over time. It is possible that a change in water quality 
of Spring Creek would be reflected in increased growth of 
algae in Rock Creek below its confluence with Spring Creek.
This study shows that there is evidence that 
denitrification is taking place in the areas of shallow 
groundwater of the discharge area. Further research is 
necessary in order to prove conclusively that denitrification 
is taking place. We do not know the limits of the discharge 
area to attenuate nitrate. Further study could focus on 
denitrification rates, the availability of organic carbon in 
the shallow groundwater, the quantities of nitrate that the 
discharge area is capable of denitrifying before Rock Creek is 
impacted, and why some areas appear to be more effective at 
reducing nitrate that others. Answering these issues would be 
of value in understanding the amount of development that is 
possible without negative impacts to Rock Creek.
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APPENDIX A 
HYDRAULIC CONDUCTIVITY CALCULATIONS
Hydraulic conductivity was determined using two methods. 
Specific capacity data taken from well logs in the study area 
were used in equation 1 (Domenico and Schwartz, 1990) . 
Equation 1 is used to determine the theoretical specific 
capacity of a well or the transmissivity of the formation in 
which the well is finished in (Driscoll, 1986) . Hydraulic 
conductivity is then estimated by dividing T by aquifer 
thickness.
Q/s=T/(264 log(Tt/l.SVr^S)-65.5) (1)
Where Q/s = the specific capacity in gallons per
minute per foot 
T = the transmisivity in gallons per day per 
foot
t = the pumping period in days 
r = the effective radius of the well 
All wells in the study area are finished with an open 
ended casing rather than a screened interval. A perforated 
length of 1 ft was used to represent the open ended casing. In 
order to correct for the partial penetration of the aquifer, 
the Kozeny equation (Equation 2) was used (Driscoll, 198 6 ) . 
The equation is solved for Q/s. Q/Sp is given on the well 
logs.
(Q/Sp)/ (Q/s)»L(l+7*(r/2bL) ̂ *cos(3.14*L/2)) (2)
87
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Where Q/Sp = specific capacity of a partially
penetrating well in gpm/ft.
Q/s = maximum possible specific capacity of a 
fully penetrating well in gpm/ft. 
r = radius of the well, in ft 
b = aquifer thickness, in ft
L = well screen length as a fraction of the
aquifer thickness 
In choosing well logs for analysis, logs where the
drawdown of the well was to the bottom of the well were 
avoided, however nine were included. Results from a few wells 
showed hydraulic conductivity values as high as 30,000 ft/day. 
These high values were statistical outliers that had a large 
effect on the average. Therefore those wells having hydraulic 
conductivities over 1 0 , 0 0 0  ft/day were eliminated.
Estimated thickness of valley fill sediments is from 180 
to 190 ft. Maximum saturated thickness of the aquifer is 
estimated to be 140 to 150 ft. In a V-shaped valley the
average saturated thickness is 0.5 times the maximum 
thickness. Therefore an average saturated thickness of 70 to 
90 ft was used in the calculations. Resulting values of 
hydraulic conductivity for individual wells ranged from 290 to 
8,950 ft/day. Average values from all wells varied from 2,100 
ft/day to 2,700 ft/day depending on the saturated thickness 
used. Results are shown on Table A 1 .
The second method used to estimate a large scale value of
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hydraulic conductivity employed Darcy's law and the known 
amount of groundwater that comes to the surface in Spring 
Creek compared to the estimated groundwater flow at Rock Creek 
Acres. It is assumed that groundwater flow at Rock Creek 
Acres is equal to groundwater flow near Spring Creek plus the 
groundwater that flows into Spring Creek. Uncertain parameters 
used in this method are the amount of groundwater flowing into 
Spring Creek and the saturated thickness of the aquifer. 
Equation 3 is derived from Darcy's Law to solve for average 
hydraulic conductivity.
K*Ai*ii = K*A 2 *ia + Q (3)
Where K = average hydraulic conductivity
Ai = area of saturation at Rock Creek Acres 
il = groundwater gradient at Rock Creek Acres 
Aj = area of saturation at mouth of Spring 
Creek
±2 = groundwater gradient at mouth of Spring 
Creek
Q = amount of groundwater coming to the 
surface in Spring Creek 
The groundwater gradients were calculated from known water 
elevations in monitoring wells in the discharge area and from 
domestic wells in Rock Creek Acres. Area was determined using 
widths of the valley taken from topographic maps. Average 
saturated thickness was estimated to be between 70 and 90 
feet. Flow in Spring Creek was measured at 11 cfs on Oct. 1,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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1993 immediately before it enters Rock Creek. There are small 
inputs of surface water from upper Spring Creek, before it 
enters the Rock Creek Valley, and from Babcock Creek. Because 
of the small inputs of surface water, the flow of groundwater 
into Spring Creek is estimated to be between eight cfs and 10 
cfs. Calculations were made using the range of variables to 
give a range for hydraulic conductivity. Using the above 
parameters, average hydraulic conductivity was calculated to 
be between 1,600 and 2,500 ft/day. Calculations are shown on 
Table A 2 .















WELL FLOW DRAW Q/s TIME DIAMETER AQUIFER T K CORRECT CORRECT CORRECT
OWNER Q(GPM) DOWN hours OF WELL THICKNESS FOR T K
s PARTIAL
Aquifer Thickness = 70 ft. PENETRATION
Kennedy 8 12 0.67 1 0.5 70 256 0 300 194332 371
HoKby 100 32 3.13 1 0.5 70 1198 2 1406 910930 1740
Gray 50 12 4.17 1.5 0.5 70 1791 3 1875 1301730 2486
Gomme 50 24 2.08 4 0.5 70 1130 2 937 756282 1444
Engebretson 40 21 1.90 1 0.5 70 730 1 857 555233 1060
Ackerlund 40 10 4 0 0 3 0.42 70 1877 4 1683 1234981 2359
Olson 50 41 1.22 1.5 0.5 70 524 1 549 380994 728
Olson 100 38 2.63 1 0.5 70 1009 2 1184 767099 1465
Olson 100 14 7.14 1 0.5 70 2738 5 3214 2082125 3977
Olson, Alton 100 32 3.13 1 0.5 70 1198 2 1406 910930 1740
Gendrow (35) 65 8 8.13 2 0.5 70 3760 7 3656 2658958 5078
Mackie 100 11 9.09 1 0.5 70 3485 7 4091 2649977 5061
Peterson 40 12 3.33 1 0.5 70 1278 2 1500 971658 1856
Larum 60 4 15.00 1.5 0.5 70 6447 12 6749 4686226 8950
Fried 40 14 2.86 1.5 0.5 70 1228 2 1286 892615 1705
Kane 100 18 5.56 1 0.5 70 2130 4 2500 1619430 3093
Wdtff 40 12 3.33 2.5 0.5 70 1628 3 1500 1129227 2157
Soltes 69 5 13.80 0.5 0.5 70 4193 8 6209 3529192 6740
Persico 40 5 8.00 1 0.5 70 3067 6 3600 2331980 4454
Page 30 19 1.58 2 0.5 70 731 1 710 516721 987
Data continues on next page.



















WELL FLOW DRAW Q/s TIME DIAMETER AQUIFER T K CORRECT CORRECT CORRECT
OWNER Q (GPM) D O W N
s
hours OF WELL THICKNESS FOR
PARTIAL
T K
Aquifer Thickness = 90 ft. PENETRATION
Kennedy 8 12 0.67 1 0.5 90 256 0 300 194332 289
Holtby 100 32 3.13 1 0.5 90 1198 2 1406 910930 1353
Gray 50 12 4.17 1.5 0.5 90 1791 3 1875 1301730 1934
Gomme 50 24 2.08 4 0.5 90 1130 2 937 756282 1123
Engebretson 40 21 1.90 1 0.5 90 730 1 857 555233 825
Ackerlund 40 10 4.00 3 0.42 90 1877 3 1683 1234981 1834
Olson 50 41 122 1.5 0.5 90 524 1 549 380994 566
Olson 100 38 2.63 1 0.5 90 1009 1 1184 767099 1139
Olson 100 14 7.14 1 0.5 90 2738 4 3214 2082125 3093
Olson, Alton 100 32 3.13 1 0.5 90 1198 2 1406 910930 1353
Gendrow (35) 65 8 8.13 2 0.5 90 3760 6 3656 2658958 3950
Mackie 100 11 9.09 1 0.5 90 3485 5 4091 2649977 3936
Peterson 40 12 3.33 1 0.5 90 1278 2 1500 971658 1443
Larum 60 4 15.00 1.5 0.5 90 6447 10 6749 4686226 6961
Fried 40 14 2.86 1.5 0.5 90 1228 2 1286 892615 1326
Kane 100 18 5.56 1 0.5 90 2130 3 2500 1619430 2406
Wolff 40 12 3.33 2.5 0.5 90 1628 2 1500 1129227 1677
Soltes 69 5 13.80 0.5 0.5 90 4193 6 6209 3529192 5242
Persico 40 5 8.00 1 0.5 90 3067 5 3600 2331980 3464
Page 30 19 1.58 2 0.5 90 731 1 710 516721 768


































T K CORRECT CORRECT CORRECT 
FOR T K 
PARTIAL 
PENETRATION
Alexander 40 10 4.00 1.5 0.5 70 1719 3 1800 1249660 2387
Msla managemen 50 27 1.85 5.5 0.5 70 1072 2 833 702674 1342
Baker 25 2 12.50 2 0.5 70 5785 11 5624 4090705 7813
Gilbert 30 2 15.00 1 0.5 70 5750 11 6749 4372462 8351
Davico 75 32.5 2.31 2 0.5 70 1068 2 1038 755207 1442
Benton 60 15 4.00 5 0.5 70 2271 4 1800 1498109 2861
Swank 75 5.5 13.64 2 0.5 70 6311 12 6136 4462587 8523
Chamberlain 75 36 2.08 1.5 0.5 70 895 2 937 650865 1243
Tettman 35 32 1.09 1 0.5 70 419 1 492 318825 609
Jelietich 30 13 2.31 1 0.5 70 885 2 1038 672686 1285
Hammer 75 36 2.08 0.5 70 964 2 937 681784 1302
Peltier 100 16 6.25 1 0.5 70 2396 5 2812 1821859 3479
Brown 100 46 2.17 1 0.5 70 833 2 978 633690 1210
Ryan 100 48 2.08 1 0.5 70 799 2 937 607286 1160
Erp 50 16 3.13 1 0.5 70 1198 2 1406 910930 1740
Schneider 70 28 2.50 1 0.5 70 958 2 1125 728744 1392
Rehfus 40 20 200 1 0.5 70 767 1 900 582995 1113
Armstrong 50 29 1.72 1 0.5 70 661 1 776 502582 960
Socha 50
Table A1: Cent.




































T K CORRECT CORRECT CORRECT 
FOR T K 
PARTIAL 
PENETRATION
Alexander 40 10 4.00 1.5 0.5 90 1719 3 1800 1249660 1856
Msla managemen 50 27 1.85 5.5 0.5 90 1072 2 833 702674 1044
Baker 25 2 12.50 2 0.5 90 5785 9 5624 4090705 6077
Gilbert 30 2 15.00 1 0.5 90 5750 9 6749 4372462 6495
Davico 75 32.5 2.31 2 0.5 90 1068 2 1038 755207 1122
Benton 60 15 4.00 5 0.5 90 2271 3 1800 1498109 2225
Swank 75 5.5 13.64 2 0.5 90 6311 9 6136 4462587 6629
Chamberlain 75 36 2.08 1.5 0.5 90 895 1 937 650665 967
Tettman 35 32 1.09 1 0.5 90 419 1 492 318825 474
Jelietich 30 13 2.31 1 0.5 90 885 1 1038 672686 999
Hammer 75 36 2.08 0.5 90 964 1 937 681784 1013
Peltier 100 16 6.25 1 0.5 90 2396 2812 1821859 2706
Brown 100 46 2.17 1 0.5 90 833 1 978 633690 941
Ryan 100 48 2.08 1 0.5 90 799 1 937 607286 902
Erp 50 16 3.13 1 0.5 90 1198 1406 910930 1353
Schneider 70 28 2.50 1 0.5 90 958 1 1125 728744 1083
Rehfus 40 20 2.00 1 0.5 90 767 1 900 582995 866
Armstrong 50 29 1.72 1 0.5 90 661 1 776 502582 747
Socha 50
Table A1: Cent.











oo o oo oo vs
OS so m f*S o oo
(N <N (N (N (No O O O o oo o o o o o
tN <N ÏN (N fN (N
o O O O o oo o o o o o
'S'S'ëo o o c> o o
o  8  §  o o o o\ \o m  ^  W) \o
I I I
o  g  g  r~ oo o\
VO 'Oo o o o o oo o o
8  8 ®  
r f  IT) MD
8 88 _ _
®  8  8w-> os
,(A





g  g  g  o o o r~- r~
888


















3  $  <0 o
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX B 
SURFACE WATER FLOW AND WATER 
QUALITY DATA AND MASS BALANCE
On October 1, 1993, stream flow measurements were made on 
Rock Creek, above and below the study area, and on all the 
major tributaries. Stream measurements were made using a
Marsh-McBirney meter. Flow velocity and water depth were 
measured every 1.0 ft in Rock Creek, except near shore in slow 
water where measurements were taken every 2 ft. On the smaller 
tributaries, measurements were taken every 0.5 ft. Margin of 
error on the water flow measurements are estimated to be ±  
10%. All flow data are shown in Table B1
Water samples were taken at all the stream gaging
locations and analyzed using the same methods as for domestic 
well water (Table 1). Data from the analysis is shown in Table 
B 2 . Tributaries that were gaged and sampled include : Ranch 
Creek, Sawmill Creek, Brewster Creek and Spring Creek. Soloman 
Creek was sampled; however, the flow was too small to measure.
Table B3 shows a written equation for the mass balance of
the surface water and groundwater in the study area. A
calculated mass balance applying numbers to the inputs and 
outputs is shown in Table B 4 . Since an estimated 90% of Spring 
Creek is composed of groundwater, one cfs was used for the 
surface water input from that source. For the surface water
96
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the balance shows 281 cfs input from Rock Creek and the 
tributaries. Output is in Rock Creek, and is measured at 280 
cfs. When the estimated groundwater flows are added to the 
surface water the mass balance shows 307 cfs flowing in and 
300 cfs flowing out.
In calculating the groundwater flow of the tributary 
valleys, a gradient of .006 ft/ft was used since this is the 
gradient found in the areas of Rock Creek where the valley is 
a uniform width. Saturated thickness was estimated to be 0.5 
times the maximum saturated thickness of 140 ft. A hydraulic 
conductivity of 2 1 0 0  ft/day was used in all calculations 
{Appendix A ) . As the hydraulic conductivity is increased from 
2100 ft/day, the mass balance begins to diverge. Therefore a 
value from the lower end of the calculated range was used.
Gradient used for the Rock Creek calculations was .012 
ft/ft, since the measurements were made where the valley 
constricts, and the measured gradient in the discharge area 
was 0 . 0 1 2  ft/ft.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
SITE ONE AT PUT IN .5MI ABOVE RANCH CREEK 9 8
B
\K W ID T H D E P T H  V E L O C IT Y A R E A
D IS C H A R G E
(C F S )
2 2 0.45 0.11 0 .9 0.10
4 2 0.7 1.15 1.4 161
6 2 0.8 2.18 1.6 3.49
S 2 0.8 3.02 1.6 4.83
10 2 1.4 2 .69 2.8 7.53
12 2 1.4 2 .67 2.8 7.48
14 2 1.5 2.83 3 8.49
16 2 1.8 2 .4 3.6 8.64
18 2 1.5 2.02 3 6 .06
19 1 1.2 2 .89 1.2 3 .47
20 1 1.4 2 .69 1.4 3.77
21 1 1.4 2.5 1.4 3.50
22 1 1.4 2.52 1.4 3.53
23 1 1.8 2 .79 1.8 5.02
24 1 1.9 2.25 1.9 4.28
25 1 2 2.02 2 4 .0 4
26 1 2.1 2 .67 2.1 5.61
27 1 2.1 2.33 2.1 4 .8 9
28 1 1.9 2 .72 1.9 5.17
29 1 2 2.83 2 5 .66
30 1 1.5 3.18 1.5 4 .7 7
31 1 1.8 3 .04 1.8 5.47
32 1 2 3.02 2 6 .04
33 1 1.9 3.15 1.9 5 .99
34 1 1.8 2.82 1.8 5 .08
35 1 1.9 2.58 1.9 4 .9 0
36 1 1.9 2.93 1.9 5 .57
37 1 2 2 .84 2 5 .68
38 1 1.9 2 .76 1.9 5.24
39 1 1.4 3.28 1.4 4 .59
4 0 1 1.5 2 .72 1.5 4.08
41 1 1.5 3.02 1.5 4.53
42 I 1.5 3 .14 1.5 4.71
43 1 1.5 2 .44 1.5 3 .66
44 1 1.6 2 .66 1.6 4 .26
45 1 1.5 2.38 1.5 3.57
46 1 1.8 3.22 1.8 5.80
Table B1: Stream  gage flow data.
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5
fK WIDTH DEPTH VELOCITY AREA
DISCHARGE
(CFS)
47 1 1.4 2.76 1.4 3.86
48 1 1.3 2.76 1.3 3.59
49 1 1.1 2.4 1.1 2.64
50 1 1.1 2.85 1.1 3.14
51 1 1.1 1.6 1.1 1.76
52 1 1.3 3.15 1.3 4.10
53 1 1.5 2.89 1.5 4.34
54 1 1.5 2.98 1.5 4.47
55 1 1.5 2.6 1.5 3.90
56 1 1.3 2.75 1.3 3.58
57 1 1.2 2.8 1.2 3.36
58 1 1.1 2.79 1.1 3.07
59 1 1.2 2.4 1.2 2.88
60 1 1.1 2.66 1.1 2.93
61 1 1.1 2.28 1.1 2.51
62 1 1.1 2.75 1.1 3.03
63 1 I.l 2.9 1.1 3.19
64 1 1.1 2.25 1.1 2.48
65 1 1.1 2.36 1.1 2.60
66 1 1 2.02 1 2.02
67 1 0.9 2.4 0.9 2.16
68 1 1 1.8 1 1.80
69 1 ' 1 2.12 1 2.12
70 1 1 1.38 1 1.38
71 1 0.9 1.41 0.9 1.27
73 2 0.6 2.12 1.2 2.54
75 2 0.7 1.46 1.4 2.04
77 2 0.7 0.99 1.4 1.39
79 2 0.5 0.52 1 0.52
81 2 0.5 0.22 1 0.22
83 2 0.4 0.19 0.8 0.15
84 1 0.4 0.01 0.4 0.00
►W 0.5 MI ABOVE RANCH CREEK 260.09
9 9
Table B1: cont.
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DISCHARGE OF ROCK CREEK AT TAKEOUT .5MI BELOW SPRIN 1 0 0
E
IK WIDTH DEPTH VELOCITY AREA
DISCHARGE
(CFS)
2 2 0.2 0.18 0.4 0.07
4 2 0.6 0.9 1.2 1.08
6 2 0.6 1.16 1.2 1.39
8 2 0.8 0.65 1.6 1.04
10 2 0.6 0.31 1.2 0.37
12 2 0.7 106 1.4 1.48
14 2 0.9 1.69 1.8 3.04
16 2 0.9 1.99 1.8 3.58
18 2 0.9 2.18 1.8 3.92
20 2 1.1 2.48 2.2 5.46
22 2 1.2 2.58 2.4 6.19
24 2 1.3 2.38 2.6 6.19
26 2 1.1 2.96 2.2 6.51
28 2 1.3 2.91 2.6 7.57
29 1 1.4 3.2 1.4 4.48
30 1 1.5 2.08 1.5 3.12
31 I 1.5 2.83 1.5 4.25
32 1 1.6 2.63 1.6 4.21
33 1 1.7 2.61 1.7 4.44
34 1 1.8 2.58 1.8 4.64
35 1 1.7 2.7 1.7 4.59
36 1 1.7 2.93 1.7 4.98
37 1 1.7 2.75 1.7 4.68
38 1 1.6 2.96 1.6 4.74
39 1 1.5 2.86 1.5 4.29
40 1 1.5 2.96 1.5 4.44
41 1 1.6 3.18 1.6 5.09
42 1 1.6 2.8 1.6 4.48
43 1 1.6 2.53 1.6 4.05
44 1 1.5 2.86 1.5 4.29
45 1 1.5 2.91 1.5 4.37
46 1 1.3 2.62 1.3 3.41
47 1 1.3 2.89 1.3 3.76
48 1 1.4 2.85 1.4 3.99
49 1 1.4 2.86 1.4 4.00
50 1 1.6 3.05 1.6 4.88
51 1 1.6 2:76 1.6 4.42
Table B1: cont.
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DISTANCE 
FROM BANK WIDTH DEPTH VELOCITY AREA
DISCHARGE
(CFS)
52 1 L4 3.22 1.4 4.51
53 1 1.5 3.49 1.5 5.24
54 1 1.6 2.91 1.6 4.66
55 1 1.8 3.5 1.8 6.30
56 1 1.7 3.3 1.7 5.61
57 1 1.7 3.45 1.7 5.87
58 1 1.8 3.67 1.8 6.61
59 1 1.8 3.67 1.8 6.61
60 1 1.5 4.21 1.5 6.32
62 2 1.5 3.96 3 11.88
63 1 1.7 4.04 1.7 6.87
64 1 1.3 4.32 1.3 5.62
65 1 1.6 4.02 1.6 6.43
66 1 1.5 4.05 1.5 6.08
67 1 1.5 4.54 1.5 6.81
68 1 1.4 4.27 1.4 5.98
69 1 1.6 3.4 1.6 5.44
70 1 1.5 3.25 1.5 4.88
71 1 1.4 3.14 1.4 4.40
72 1 1.4 3.02 1.4 4.23
73 1 1.5 2,48 1.5 3.72
74 1 1.1 2.58 1.1 2.84
75 1 1.4 1.58 1.4 2.21
76 1 1.1 1.34 1.1 1.47
77 1 1.1 0.98 1.1 1.08
78 1 0.8 0.73 0.8 0.58
79 1 0.7 0.59 0.7 0.41
80 1 0.4 0.48 0.4 0.19
81 1 0.2 0.34 0.2 0.07
TOTAL FLOW .5 M I BELOW SPRING CREEK 280.35
1 0 1
Table B1: cont.
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EtANCH CREEK 1 0 2
: e
NK WIDTH DEPTH VELOCITY AREA
DISCHARGE
(CFS)
1 1 0.3 0.55 0.3 0.17
2 1 0.4 0.27 0.4 0.11
3 1 0.5 0.8 0.5 0.40
4 1 0.6 0.82 0.6 0.49
4.5 0.5 0.7 0.44 0.35 0.15
5 0.5 0.7 0.5 0.35 0.18
5.5 0.5 0.5 0.77 0.25 0.19
6 0.5 0.6 0.22 0.3 0.07
6.5 0.5 0.6 0.63 0.3 0.19
7 0.5 0.8 0.6 0.4 0.24
7.5 0.5 0.7 1.59 0.35 0.56
8 0.5 0.8 1.35 0.4 0.54
8.5 0.5 1.1 0.47 0.55 0.26
9 0.5 0.9 2.04 0.45 0.92
9.5 0.5 1.2 1.48 0.6 0.89
10 0.5 1.2 1.43 0.6 0.86
10.5 0.5 1.3 1.02 0.65 0.66
11 0.5 1.3 0.81 0.65 0.53
11.5 0.5 1.2 0.81 0.6 0.49
12 0.5 1.2 0.69 0.6 0.41
12.5 0.5 1.2 0.69 0.6 0.41
13 0.5 1.1 0.9 0.55 0.50
13.5 0.5 0.9 1.08 0.45 0.49
14 0.5 1 1.2 0.5 0.60
14.5 0.5 0.9 1.47 0.45 0.66
15 0.5 0.9 1.89 0.45 0.85
15.5 0.5 1 1.87 0.5 0.94
16 0.5 1 1.72 0.5 0.86
16.5 0.5 0.4 1.86 0.2 0.37
17 0.5 0.5 1.8 0.25 0.45
18 1 0.6 1.29 0.6 0.77
19 1 0.5 0.74 0.5 0.37
20 1 0.6 0.53 0.6 0.32
21 1 0.4 0.37 0.4 0.15
22 1 0.3 0.21 0.3 0.06
OW IN RANCH CREEK 16.09
Table 81: cont.





STK WIDTH DEPTH VELOCITY AREA (CFS)
0.5 0.5 0.2 2.5 0.1 0.25
1 0.5 0.3 1.97 0.15 0.30
1.5 0.5 0.4 1.4 0.2 0.28
2 0.5 0.3 1.95 0.15 0.29
2.5 0.5 0.3 1.63 0.15 0.24
3 0.5 0.3 1.81 0.15 0.27
3.5 0.5 0.2 1.73 0.1 0.17
4 0.5 0.2 0.78 0.1 0.08
TOTAL FLOW IN SAWMILL CREEK 1.89
BREWSTER CREEK
DISTANCE 
FROM BANK WIDTH DEPTH VELOCITY AREA
DISCHARGE
(CFS)
1 1 0.3 0 0.3 0.00
2 1 0.2 0 0.2 0.00
2.5 0.5 0.4 0.12 0.2 0.02
3 0.5 0.4 0.31 0.2 0.06
3.5 0.5 0.5 0.6 0.25 0.15
4 0.5 0.6 0.58 0.3 0.17
4.5 0.5 0.6 0.59 0.3 0.18
5 0.5 0.6 0.6 0.3 0.18
5.5 0.5 0.6 0.63 0.3 0.19
6 0.5 0.6 0.55 0.3 0.17
6.5 0.5 0.6 0.6 0.3 0.18
7 0.5 0.6 0.56 0.3 0.17
7.5 0.5 0.5 0.62 0.25 0.16
8 0.5 0.5 0.54 0.25 0.14
8.5 0.5 0.4 0.45 0.2 0.09
9 0.5 0.3 0.18 0.15 0.03
9.5 0.5 0.2 0.07 0.1 0.01
TOTAL FLOW IN BREWSTER CREEK 188
Table B1: cont.
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SPRING CREEK
:E
NK WIDTH DEPTH VELOCITY AREA
DISCHARGE
(CFS)
0.5 0.5 0.2 0.18 0.1 0.02
1.5 1 0.2 0 0.2 0.00
2 0.5 0.3 0.74 0.15 0.11
2.5 0.5 0.3 0.96 0.15 0.14
3 0.5 0.3 0.55 0.15 0.08
3.5 0.5 0.3 1.49 0.15 0.22
4 0.5 0.2 0.99 0.1 0.10
4.5 0.5 0.5 1.86 0.25 0.47
5 0.5 0.4 1.36 0.2 0.27
5.5 0.5 0.4 1.36 0.2 0.27
6 0.5 0.5 1.52 0.25 0.38
6.5 0.5 0.4 1.45 0.2 0.29
7 0.5 0.6 1.59 0.3 0.48
7.5 0.5 0.5 0.79 0.25 0.20
8 0.5 0.5 1.25 0.25 0.31
8.5 0.5 0.5 1.24 0.25 0.31
9 0.5 0.4 0.72 0.2 0.14
9.5 0.5 0.7 0.93 0.35 0.33
10 0.5 0.8 1.54 0.4 0.62
10.5 0.5 0.6 2.05 0.3 0.61
11 0.5 0.4 2.47 0.2 0.49
11.5 0.5 0.7 2.69 0.35 0.94
12 0.5 0.6 1.71 0.3 0.51
12.5 0.5 0.9 1.76 0.45 0.79
13 0.5 0.7 0.49 0.35 0.17
13.5 0.5 0.5 0.6 0.25 0.15
14 0.5 0.6 2.26 0.3 0.68
14.5 0.5 0.6 2.26 0.3 0.68
15 0.5 0.6 1.98 0.3 0.59
15.5 0.5 0.5 1.07 0.25 0.27
16 0.5 0.3 0.59 0.15 0.09
16.5 0.5 0.3 1.62 0.15 0.24
17 0.5 0.2 1.68 0.1 0.17
17.5 0.5 0.2 0.27 0.1 0.03
OW IN SPRING CREEK 11.16
Table B1: cont.
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Oct. 1, 1994
1 0 5
Sample Name Ca Fe Mg Mn Mo
Rock Creek at S1 20.9 0.066 6.93 0.0051 <0.01
Rock Creek at SI 20.5 0.065 6.76 <0.005 <0.01
Rock Creek at S1 22.2 0.068 7.01 0.0054 <0.01
Ranch Creek 3.7 0.022 1.61 <0.005 <0.01
Ranch Creek 3.74 0.024 1.62 <0.005 <0.01
Rock Creek above Ranch Cr. 20.7 0.068 6.72 <0.005 <0.01
Sawmill Creek 10.7 0.026 4.48 <0.005 <0.01
Sawmill Creek 11 0.026 4.6 <0.005 <0.01
Rock Creek above Sawmill Cr. 19 0.058 6.29 <0.005 <0.01
Brewster Creek 17 0.056 9.29 <0.005 <0.01
Rock Creek at Sawmill F.A. 18.7 0.053 6.19 <0.005 <0.01
Soloman Creek 9.3 0.067 5.04 <0.005 <0.01
Rock Cr, above Soloman Cr. 19.2 0.057 6.27 <0.005 <0.01
Spring Creek 22.6 0.019 10.1 <0.005 <0.01
Rock Cr. above Spring Cr. 19.4 0.059 6.36 <0.005 <0.01
Rock Cr. 0.5 mi below Spring C 19.1 0.058 6.54 <0.005 <0.01
Rock Cr. 0.5 mi below Spring C 19.3 0.054 6.43 <0.005 <0.01
Oct. 1,1994
Sample Name Na Si Sr Zn K
Rock Creek at SI 3.84 5.48 0.0396 0.0199 2.017
Rock Creek at SI 3.24 5.63 0.0403 0.0218 2.451
Rock Creek at SI 3.57 5.34 0.0385 0.0204 2.244
Ranch Creek 1.77 5.27 0.0116 0.0221 1.736
Ranch Creek 1.73 5.27 0.0117 0.0234 1.923
Rock Creek above Ranch Cr. 3.51 5.36 0.0386 0.0187 2.036
Sawmill Creek 2.63 6.38 0.0163 0.0203 1.514
Sawmill Creek 2.72 6.48 0.0168 0.0205 1.726
Rock Creek above Sawmill Cr. 3.37 5.25 0.0362 0.0182 2.125
Brewster Creek 2.48 6.91 0.0226 0.0238 1.997
Rock Creek at Sawmill F.A. 3.5 5.23 0.0354 0.0195 1.963
Soloman Creek 3.08 6.89 0.0201 0.0175 1.405
Rock Cr. above Soloman Cr. 3.26 5.19 0.0359 0.0203 2.258
Spring Creek 3.96 6.67 0.0419 0.0214 2.155
Rock Cr. above Spring Cr. 3.42 5.31 0.0365 0.02 2.106
Rock Cr. 0.5 mi below Spring C 3.71 5.3 0.0366 0.021 2.017
Rock Cr. 0.5 mi below Spring C 3.34 5.23 0.0362 0.0226 2.253
Table B2: Chemical data for Rock Creek tributaries.
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1 0 6
Oct. 1,1994
Sample Name Cl N03-N S04
Rock Creek at S1 0.899 <0.05 4.153
Rock Creek at S1 1.085 0.126 4.087
Ranch Creek 0.454 <0.05 3.703
Ranch Creek 0.412 <0.05 3.76
Rock Creek above Ranch Cr. 0.897 <0.05 4.152
Sawmill Creek 0.496 <0.05 2.81
Sawmill Creek 0.821 0.071 2.872
Rock Creek above Sawmill Cr. 1.548 <0.05 4.246
Brewster Creek 0.581 <0.05 5.506
Rock Creek at Sawmill F.A. 0.698 <0.05 4.135
Soloman Creek 0.526 <0.05 2.803
Rock Cr. above Soloman Cr. 0.924 <0.05 4.421
Spring Creek 1.32 0.113 5.804
Rock Cr. above Spring Cr. 0.947 <0.05 4.155
Rock Cr. 0.5 mi below Spring C 0.715 <0.05 4.215
Rock Cr. 0.5 mi below Spring C 1.324 <0.05 4.095
Table B2: Cont.
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1 0 7
WATER BALANCE EQUATION 
Water included in the water balance equation is surface 
water and the associated groundwater. All water flows out as 
surface water in Rock Creek or groundwater in the alluvial 
aquifer beneath the creek.
In
Rock Creek surface water 
Rock Creek groundwater 
Ranch Creek surface water 
Ranch Creek groundwater 
Sawmill Creek surface water 
Brewster Creek surface water 
Brewster Creek groundwater 
Spring Creek surface water
Out
Rock Creek surface water 
Rock Creek groundwater
Table B3: Written water balance equation.
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Total Water Flowing Into the Study Area
SOURCE SWIN GW IN
IN (CFS) (CFS)
ROCK CREEK 260 16
RANCH CREEK 16 6
SAWMILLCREEK 2




SW + GW 307
Total Water Leaving the Study Area.
sw  o u GW OUT
(CFS) (CFS)
ROCK CREEK 280 20
1 0 8
TOTAL WATER OUT 
SW + GW 300
GROUND WATER FLOW CALCULATIONS 
Ground Water In
WIDTH THICKNESS AREA K GRADIENT Q
ROCK CREEK 800 70 56000 0.0243 0.012 16.33
RANCH CREEK 600 70 42000 0.0243 0.006 6.13
SAWMILLCREEK
BREWSTER CREE 400 70 28000 0.0243 0.006 4.08
Ground Water Out
ROCK CREEK
WIDTH THICKNESS AREA K 
1000 70 70000 0.0243
GRADIENT Q
0.012 20.42
Table B4: Groundwater and surface water mass balance 
calculations.
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APPENDIX C
WATER LEVEL MEASUREMENTS FOR DOMESTIC WELLS, 
MONITORING WELLS AND SimFACE WATER
This appendix presents the water level measurements. 
Those from the domestic wells and staff gages 1-6 comprise the 
first part (Table Cl) . The second part (Table C2) contains 
water level measurements for the monitoring wells and staff 
gages 7 and 8  in the discharge area. Locations of wells and 
staff gages are shown on Figures 6 , 7, and 8 . Well location 
discriptions are given in Table C3, along with names of well 
owners. Figure Cl shows the lettering scheme used for 
designating location within the section. Letters go from 
largest to smallest tract. The first letter being the 1/4 
section.
109
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Water Levels, July 12, 1994
1 1 0
ELEV TAPE IN WATER ELEV OF
WELL □ATE OF WEL WELL ON TAPE WATER
D1 7/12/94 3921 15 3.16 3909.16
SI 7/12/94 3910.09 0.46 3910.55
D2 7/12/94 3960.56 60 1.1 3901.66
D3 7/12/94 3956.82 43 1.3 3915.12
D5 7/12/94 3904 28 2.01 3878.01
D6 7/12/94 3864.82 12 0.91 3853.73
D7 7/12/94 3857 11 1.08 3847.08
32 7/12/94 3854.86 0.56 3855.42
D8 7/12/94 3855.67 23 0.78 3833.45
D8A 7/12/94 3849 12 2.34 3839.34
S3 7/12/94 3834.83 1.2 3836.03
S4 7/12/94 3842.16 0.875 3843.035
D9 7/12/94 3866.7 38 3.18 3831.88
DIO 7/12/94 3858.84 40 1.46 3820.3
□11 7/12/94 3840.51 15 1.44 3826.95
S5 7/12/94 3828.61 0.81 3829.42
□12 7/12/94 3838
□13 7/12/94 3850.38 32 1.64 3820.02
□14 7/12/94 3801.43 25 6.15 3782.58
□15 7/12/94 3790.55
□16 7/12/94 3783.8 14 0.49 3770.29
□17 7/12/94 3782.76 10 1.23 3773.99
□18 7/12/94 3788.24 14 1.18 3775.42
□18A 7/12/94 3783.38 9 0.26 3774.64
□19 7/12/94 3781.68 21 0.23 3760.91
S6 7/12/94 3760.21 0.67 3760.88
□20 7/12/94 3766.64 13.5 1.4 3754.54
Table C1 : Domestic well water level measurements.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




WELL OATE OF WEL WELL ON TAPE WATER
D1 6/9/94 3921 12 0.67 3909.67
SI 6/9/94 3910.09 0.9 3910.99
D2 6/9/94 3960.56 60.5 2.07 3902.13
03 6/9/94 3956.82 44 3.23 3916.05
05 6/9/94 3904 27 1.94 3878.94
06 6/9/94 3864.82 12 1.62 3854.44
07 6/9/94 3857 10 0.98 3847.98







O il 6/9/94 3840.51 14 1.67 3828.18
S5 6/9/94 3828.61 1.28 3829.89
012 6/9/94 3838 17 2.94 3823.94
013 6/9/94 3850.38 31 1.35 3820.73
014 6/9/94 3801.43 18 2.04 3785.47
015 6/9/94 3790.55
016 6/9/94 3783.8 14 1.69 3771.49
017 6/9/94 3782.76 9 1.42 3775.18
018 6/9/94 3788.24 14 2.29 3776.53
018A 6/9/94 3783.38 9 1.43 3775.81
019 6/9/94 3781.68 21 1.93 3762.61
S6 6/9/94 3760.21 1.9 3762.11
020 6/9/94 3766.64 12 0.99 3755.63
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Water Levels, May 17, 1994
1 1 2
ELEV TAPE IN WATER ELEV OF
WELL □ATE OF WEL WELL ON TAPE WATER
D1 5/17/94 3921 12 1.11 3910.11
S I 5/17/94 3910.09 1.25 3911.34
D2 5/17/94 3960.56 60 2.08 3902.64
D3 5/17/94 3956.82 43 3.39 3917.21
D5 5/17/94 3904 28 3.25 3879.25
D6 5/17/94 3864.82 12 1.97 3854.79
D7 5/17/94 3857 10 1.4 3848.4
82 5/17/94 3854.86 1 3855.86
D8 5/17/94 3855.67 22 1.2 3834.87
D8A 5/17/94 3849 10 1.42 3840.42
S3 5/17/94 3834.83 2.18 3837.01
S4 5/17/94 3842.16 2.19 3844.35
D9 5/17/94 3866.7 38 2.2 3830.9
DIO 5/17/94 3858.84 41 2.9 3820.74
□11 5/17/94 3840.51 14 1.67 3828.18
S5 5/17/94 3828.61 1.58 3830.19
□12 5/17/94 3838 16 1.67 3823.67
□13 5/17/94 3850.38 31 1.6 3820.98
□14 5/17/94 3801.43 20 2.46 3783.89
□15 5/17/94 3790.55 20 2.95 3773.5
□16 5/17/94 3783.8 14 2.15 3771.95
□17 5/17/94 3782.76 9 1.9 3775.66
□18 5/17/94 3788.24 13 1.67 3776.91
□18A 5/17/94 3783.38 9 1.85 3776.23
□19 5/17/94 3781.68 20 1.46 3763.14
S6 5/17/94 3760.21 2.47 3762.68
□20 5/17/94 3766.64 12 1.57 3756.21
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Water Levels April 25, 1994 1 1 3
ELEV TAPE IN WATER ELEV OF
WELL □ATE OF WEL WELL ON TAPE WATER
D1 4/25/94 3921 12 1.01 3910.01
S I 4/25/94 3910.09 1.21 3911.3
D2 4/25/94 3960.56 60 2.1 3902.66
D3 4/25/94 3956.82
D5 4/25/94 3904 26 0.99 3878.99
D6 4/25/94 3864.82 12 1.95 3854.77
D7 4/25/94 3857 10.1 1.3 3848.2
82 4/25/94 3854.86 1.25 3856.11
D8 4/25/94 3855.67 23 2.2 3834.87
D8A 4/25/94 3849 11 2.33 3840.33
S3 4/25/94 3834.83 2 3836.83
S4 4/25/94 3842.16 2.17 3844.33
D9 4/25/94 3866.7 40 3.29 3829.99
DIO 4/25/94 3858.84 41 2.15 3819.99
□ 11 4/25/94 3840.51 15 2.49 3828
S5 4/25/94 3828.61 1.89 3830.5
□12 4/25/94 3838 17 2.3 3823.3
□13 4/25/94 3850.38 31 1.44 3820.82
□14 4/25/94 3801.43 20 1.4 3782.83
□15 4/25/94 3790.55
□16 4/25/94 3783.8 14 1.78 3771.58
□17 4/25/94 3782.76 9 1.9 3775.66
□18 4/25/94 3788.24 13 1.39 3776.63
□18A 4/25/94 3783.38 9 1.61 3775.99
□19 4/25/94 3781.68 20 1.2 3762.88
S6 4/25/94 3760.21 2.25 3762.46
□20 4/25/94 3766.64 12 1.62 3756.26
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/Vater Levels January 28, 1994
ELEV TAPE IN WATER ELEV OF
WELL DATE OF WEL WELL ON TAPE WATER
D1 1/2B/94 3921 14 1.41 3908.41
S1 1/2B/94 3910.09
D2 1/2B/94 3960.56 62 2.32 3900.88
D3 1/28/94 3956.82
D5 1/28/94 3904 28 1.2 3877.2







D9 1/28/94 3866.7 42 1.1 3825.8
D10 1/28/94 3858.84 43 1.33 3817.17
D11 1/28/94 3840.51 16 0.9 3825.41
85 1/28/94 3828.61
D12 1/28/94 3838 18 0.67 3820.67
D13 1/28/94 3850.38
D14 1/28/94 3801.43 21 1.16 3781.59
D15 1/28/94 3790.55 21 1.4 3770.95
D16 1/28/94 3783.8 16 1.51 3769.31
D17 1/28/94 3782.76 11 1.36 3773.12
D1B 1/28/94 3788.24 15 1.26 3774.5
D1BA 1/28/94 3783.38 11 1.37 3773.75
D19 1/28/94 3781.68 22 0.65 3760.33
86 1/28/94 3760.21
D20 1/28/94 3766.64 15 1.98 3753.62
1 1 5
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Water Levels October 4, 1993
1 1 6
ELEV TAPE IN WATER ELEV OF
WELL □ATE OF WEL WELL ON TAPE WATER
D1 10/4/93 3921 14 1.73 3908.73
SI 10/4/93 3910.09
D2 10/4/93 3960.56 62 2.72 3901.28
D3 10/4/93 3956.82 44 0.84 3913.66
D5 10/4/93 3904 28 2.14 3878.14
D6 10/4/93 3864.82 14 2.18 3853
D7 10/4/93 3857 12 1 3846
82 10/4/93 3854.86 0.41 3855.27
D8 10/4/93 3855.67 26 3.03 3832.7
D8A 10/4/93 3849 12 1.69 3838.69
S3 10/4/93 3834.83 0.53 3835.36
S4 10/4/93 3842.16 0.35 3842.51
D9 10/4/93 3866.7 45.01 7.43 3829.12
DIO 10/4/93 3858.84 42 1.41 3818.25
□11 10/4/93 3840.51 16 1.09 3825.6
S5 10/4/93 3828.61 0.5 3829.11
012 10/4/93 3838 18 1.3 3821.3
□13 10/4/93 3850.38 34 2.62 3819
□14 10/4/93 3801.43 22 2.58 3782.01
□15 10/4/93 3790:55 22.1 2.73 3771.18
□16 10/4/93 3783.8 19.4 5.36 3769.76
□17 10/4/93 3782.76 12 2.77 3773.53
□18 10/4/93 3788.24 15 1.66 3774.9
□18A 10/4/93 3783.38 11 1.77 3774.15
□19 10/4/93 3781.68 22 1.19 3760.87
SB 10/4/93 3760.21 0.2 3760.41
□20 10/4/93 3766.64 14 1.47 3754.11
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1 1 7
/Vater Levels August 17, 1993
ELEV TAPE IN WATER ELEV OF
WELL DATE OF WEL WELL ON TAPE WATER
D1 8/17/93 3921 14 2.39 3909.39
SI 8/17/93 3910.09
D2 8/17/93 3960.56 62 3.24 3901.8
D3 8/17/93 3956.82 43 1.38 3915.2
D6 8/17/93 3904 28 2.53 3878.53
D6 8/17/93 3864.82 14 3.27 3854.09
D7 8/17/93 3857 10 0 33 3847.33
82 8/17/93 3854.86
D8 8/17/93 3855.67 25 2.93 3833.6
D8A 8/17/93 3849 14 4.6 3839.6
S3 8/17/93 3834.83
S4 8/17/93 3842.16
D9 8/17/93 3866.7 42 3.84 3828.54
DIO 8/17/93 3858.84 42 2.5 3819.34
D ll 8/17/93 3840.51 15 1.5 3827.01
S5 8/17/93 3828.61
D12 8/17/93 3838 18 2.42 3822.42
D13 8/17/93 3850.38 34 3.62 3820
D14 8/17/93 3801.43 20.01 1.31 3782.73
D15 8/17/93 3790.55 20 1.61 3772.16
D16 8/17/93 3783.8 15 1.77 3770.57
D17 8/17/93 3782.76 12 3.64 3774.4
D18 8/17/93 3788.24 15 2.45 3775.69
D18A 8/17/93 3783.38 10.01 1.59 3774.96
D19 8/17/93 3781.68 22 2.03 3761.71
S6 8/17/93 3760.21
D20 8/17/93 3766.64 13 1.34 3754.98
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Water Levels September 17, 1993
1 1 8
ELEV TAPE IN WATER ELEV OF
WELL □ATE OF WEL WELL ON TAPE WATER
D1 9/17/93 3921 14 1.95 3908.95
81 9/17/93 3910.09
D2 9/17/93 3960.56 63 3.88 3901.44
D3 9/17/93 3956.82 43 0.68 3914.5
D5 9/17/93 3904 28 1.83 3877.83
D6 9/17/93 3864.82 14 2.55 3853.37
D7 9/17/93 3857 12 1.55 3846.55
82 9/17/93 3854.86 0.51 3855.37
D8 9/17/93 3855.67 25 2.36 3833.03
D8A 9/17/93 3849 14 3.99 3838.99
83 9/17/93 3834.83 0.86 3835.69
84 9/17/93 3842.16 0.57 3842.73
D9 9/17/93 3866.7 42 2.96 3827.66
DIO 9/17/93 3858.84 42 1.86 3818.7
□11 9/17/93 3840.51 16 1.66 3826.17
85 9/17/93 3828.61 0.66 3829.27
012 9/17/93 3838 18 1.69 3821.69
□13 9/17/93 3850.38 34 2.86 3819.24
□14 9/17/93 3801.43
□15 9/17/93 3790.55 20 1.12 3771.67
□16 9/17/93 3783.8 15 1.26 3770.06
□17 9/17/93 3782.76 12 2.99 3773.75
□18 9/17/93 3788.24 15 1.92 3775.16
D18A 9/17/93 3783.38 10 1.01 3774.39
□19 9/17/93 3781.68 22 1.51 3761.19
86 9/17/93 3760.21 0.5 3760.71
□20 9/17/93 3766.64 13 0.8 3754.44
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WELL □ATE OF WEL WELL ON TAPE WATER
D1 9/2/93 3921 14 2.2 3909.2
31 9/2/93 3910.09
D2 9/2/93 3960.56 62 3.02 3901.58
D3 9/2/93 3956.82 43 1.2 3915.02
D5 9/2/93 3904 28 2.27 3878.27
D6 9/2/93 3864.82 14 3.01 3853.83
D7 9/2/93 3857
82 9/2/93 3854.86
D8 9/2/93 3855.67 26 3.87 3833.54
D8A 9/2/93 3849 12 2.42 3839.42
S3 9/2/93 3834.83
S4 9/2/93 3842.16
D9 9/2/93 3866.7 42 3.86 3828.56
DIO 9/2/93 3858.84 42 2.55 3819.39
□11 9/2/93 3840.51 15 1.22 3826.73
S5 9/2/93 3828.61
012 9/2/93 3838 18 2.26 3822.26
□13 9/2/93 3850.38 35 4.43 3819.81
□14 9/2/93 3801.43 20 1.09 3782.52
□15 9/2/93 3790.55 20 1.4 3771.95
□16 9/2/93 3783.8 16 2.54 3770.34
□17 9/2/93 3782.76 13 4.26 3774.02
□18 9/2/93 3788.24 15 2.18 3775.42
□18A 9/2/93 3783.38 10 1.09 3774.47
□19 9/2/93 3781.68 22 1.82 3761.5
SB 9/2/93 3760.21
□20 9/2/93 3766.64 13 0.92 3754.56




























>  co 
LL
il
N CO h- co co (0 G)CM ai lO en co cd mai d cd cd N co d cdo o h- in 00 co CMG) en 00 co co co co 00co co co co co co co
N h- N (O co co enCM co in T- co en lO cod d d N cd cd







M o ic v i c N Îd ^ i o ^ ' t ocot-coh-i^Kr^Nh»
C O O O h o h o l ^ N K K c O






tf) co t -  
























G) en G) 00 oo OO co
CO co CO CO co CO co
CO co CO co co co co co co co
cg G) 2? G) m
£2 co CO co co £2 £2 £2 £2 £200 00 00 ôo 00 00 00 00 00 00
CM co in (0 N CM oo < co
w û û Û Û O w û OQo co
CD N 3 T“ T“ 00 00 co lO 00 (0 00 00r- (d If) (0 co00co
co Tl; ID cd h*. CM co CD CMCM CD cd d cd d T“ d 00 <M od cd T" d00 If) CM If) O O) h. 00 00 00 00 (D00 CO 00 00 00 00 00 h- co N s N N NCO co co co co co co co co co co CO I
c o c o c o c o c o c o c o c o c o c o c o c o c o c o^ o > 5 ) o o ) o o o g > 5 g)g)g)o
C O C O £ 0 ( O O C O O < O W O Q C O < 2 « 0





^ ^ ï î < e t » â ® c D
Û Û D Û Q Q Q ^ Q ^











Discharge area water levels.
1 2 1
WELL TAPE IN READING WATER
DATE WELL ELEV WELL ON TAPE ELEV
05/04/94 7M1 3710.37 1.5 0.05 3708.92
05/04/94 7M2 3710.55 1.3 0.13 3709.38
05/04/94 7M3 3711.27 1 0.33 3710.6
05/04/94 7M4 3712 1 0.47 3711.47
05/04/94 7M5 3715.57 1.2 0.14 3714.51
05/04/94 7M6 3716.3 1 0.26 3715.56
05/04/94 7M7 3719.85 1.8 0.27 3718.32
05/04/94 7M8 3720.62 1 0.42 3720.04
05/04/94 7M9 3721.47 1.4 0.75 3720.82
05/04/94 7M10 3721.72
WELL TAPE IN READING WATER
DATE WELL ELEV WELL ON TAPE ELEV
05/17/94 NAIL 1 3710.46 1.4 0.35 3709.41
05/17/94 7M1 3710.37 1.3 0.13 3709.2
05/17/94 7M2 3710.55 1 0.11 3709.66
05/17/94 7M3 3711.27 1 0.4 3710.67
05/17/94 7M4 3712 1 0.63 3711.63
05/17/94 NAIL 2 3717.4 1.4 0.12 3716.12
05/17/94 7M5 3715.57 1 0.11 3714.68
05/17/94 7M6 3716.3 1 0.43 3715.73
05/17/94 7M7 3719.85 0.64 3718.49
05/17/94 7M8 3720.62 1 0.54 3720.16
05/17/94 7M9 3721.47 1 0.5 3720.97
05/17/94 7M10 3721.72 1 0.28 3721
WELL TAPE IN READING WATER
DATE WELL ELEV WELL ON TAPE ELEV
05/23/94 NAIL 1 3710.46 1.2 0.16 3709.42
05/23/94 7M1 3710.37 1.6 0.5 3709.27
05/23/94 7M2 3710.55 1 0.13 3709.68
05/23/94 7M3 3711.27 1 0.39 3710.66
05/23/94 STAFF 8 3716.64 14.25 1.1875 3714.8275
05/23/94 7M4 3712 1 0.63 3711.63
05/23/94 7M5 3715.57 1 0.21 3714.78
05/23/94 7M6 3716.3 1 0.36 3715.66
05/23/94 STAFF 7 3721.43 13.5 1.125 3719.555
05/23/94 7M7 3719.85 1.5 0.14 3718.49
05/23/94 7M8 3720.62 1 0.52 3720.14
05/23/94 7M9 3721.47 1 0.52 3720.99
05/23/94 7M10 3721.72 1 0.29 3721.01
Table C2: Monitoring well water level measurements.
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1 2 2
WELL TAPE IN READING WATER
DATE WELL ELEV WELL ON TAPE ELEV
06/29/94 NAIL 1 3710.46 2.1 0 3708.36
06/29/94 7M1 3710.37 1.8 0.08 3708.65
06/29/94 7M2 3710.55 1.53 0.13 3709.15
06/29/94 7M3 3711.27 1 0.3 3710.57
06/29/94 STAFF 8 3716.64 0.33 3713.97
06/29/94 7M4 3712 1 0.23 3711.23
06/29/94 7M5 3715.57 1.6 0.25 3714.22
06/29/94 7M6 3716.3 1.2 0.28 3715.38
06/29/94 STAFF 7 3721.43 0.48 3718.91
06/29/94 7M7 3719.85 2.3 0.25 3717.8
06/29/94 7M8 3720.62 1 0.19 3719.81
06/29/94 7M9 3721.47 1 0.24 3720.71
06/29/94 7M10 3721.72 1.1 0.1 3720.72
WELL TAPE IN READING WATER
DATE WELL ELEV WELL ON TAPE ELEV
07/11/94 7M1 3710.37
07/11/94 7M2 3710.55 1.51 0.04 3709.08
07/11/94 7M3 3711.27 1 0.3 3710.57
07/11/94 STAFFS 3716.64 0.27 3716.91
07/11/94 7M4 3712 1 0.18 3711.18
07/11/94 7M5 3715.57 1.5 0.12 3714.19
07/11/94 7M6 3716.3 1 0.04 3715.34
07/11/94 STAFF 7 3721.43 0.45 3721.88
07/11/94 7M7 3719.85 2.3 0.12 3717.67
07/11/94 7M8 3720.62 1 0.17 3719.79
07/11/94 7M9 3721.47 1 0.13 3720.6
07/11/94 7M10 3721.72 1.5 0.47 3720.69
07/11/94 7M12 3715.19 1 0.16 3714.35
07/11/94 7M14 3715.4 2 0.83 3714.23
07/11/94 7M15 3714.64 1 0.57 3714.21
07/11/94 7M16 3718.61 2 0.9 3717.51
07/11/94 7M17 3718.95 1 0.12 3718.07
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WELL TAPE IN READING WATER
DATE WELL ELEV WELL ON TAPE ELEV
08/24/95 7M1 3710.37
08/24/95 7M2 3710.55
08/24/95 7M3 3711.27 1 0.21 3710.48
08/24/95 STAFF 1 3716.64
08/24/95 7M4 3712 1.24 0.12 3710.88
08/24/95 7M5 3715.57
08/24/95 7M6 3716.3 1.31 0.14 3715.13
08/24/95 STAFF 2 3721.43
08/24/95 7M7 3719.85
08/24/95 7M8 3720.62 1.2 0.11 3719.53
08/24/95 7M9 3721.47 1.5 0.4 3720.37
08/24/95 7M10 3721.72 1.5 0.26 3720.48
08/24/95 7M12 3715.19 1.1 0.17 3714.26
08/24/95 7M14 3715.4 2 0.69 3714.09
08/24/95 7M15 3714.64 1 0.52 3714.16
08/24/95 7M16 3718.61 2 0.76 3717.37
08/24/95 7M17 3718.95 1.5 0.48 3717.93
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Name of Well Owner Well # T&R Section Section Well log
Childers D1 T10N R17W 36 ABC No
Larango D2 T10N R17W 36 AAC Yes
Sirla D3 T10N R17W 36 AAC No
Hammer D5 T10N R16W 30 BCO Yes
Persico D6 T10N R16W 30 BOO Yes
Spearman 07 T10N R16W 30 ABC Yes
MIchnevich 08 T10N R16W 19 OBA No
08A T10NR16W 19 OBB Yes
Pederson 09 T10NR16W 17 CCB Yes
Peltier O10 T10N R16W 17 CBC Yes
Erp 013 T10N R16W 18 OAB Yes
McNair 012 T10N R16W 18 OAO No
Ryan 011 T10N R16W 18 OOB Yes
Hatch 014 T10N R16W 8 CCB Yes
Fisher 015 T10N R16W 8 CBB Yes
Howard 016 T10N R16W 8 CBB Yes
Yeager 017 T10N R16W 7 OAO Yes
Bethke 018 T10N R16W 8 CBC No
018A T10N R16W 8 CBC Yes
Brabham 019 T10N R16W 7 AOA No
Kane 020 T10N R16W 7 AAO Yes
1 2 4
Table C3: Well location descriptions.
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Figure C l; Lettering scheme used for designating 
location within a section.
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APPENDIX D
DOMESTIC WELL AND MONITORING WELL CHEMICAL DATA
The following tables include results from the chemical 
analysis of groundwater from domestic wells (Table Dl) and 
monitoring wells (Table D2).
126
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August 4, 1993 Sampling 
WELL DATE Ca Cd Cu Fe Mg Mn
0 1 08/04/93 2 0 . 1 <0 . 0 1 <0 . 0 1 <0.03 5.72 <0.005
0 2 08/04/93 30.7 <0 . 0 1 <0 . 0 1 4,46 6.92 0.4138
05 08/04/93 4.95 <0 . 0 1 <0 . 0 1 0,056 1 . 8 8 <0.005
08 08/04/93 12.9 <0 . 0 1 <0 . 0 1 0.546 4.62 0.0089
09 08/04/93 18.1 <0 . 0 1 <0 . 0 1 <0.03 1 1 . 2 <0.005
O 1 0 08/04/93 15.5 <0 . 0 1 <0 . 0 1 <0.03 8.54 <0.005
Oil 08/04/93 18.3 <0 . 0 1 <0 . 0 1 <0.03 5.86 <0.005
0 1 2 08/04/93 17 <0 . 0 1 <0 . 0 1 <0.03 6.65 <0.005
013 08/04/93 17.3 <0 . 0 1 <0 . 0 1 <0.03 5.95 <0.005
014 08/04/93 17.6 <0 . 0 1 <0 . 0 1 <0.03 9.22 <0.005
015 08/04/93 16.8 <0 . 0 1 <0 . 0 1 <0.03 8 . 1 2 <0.005
016 08/04/93 16.9 <0 . 0 1 <0 . 0 1 <0.03 7.17 <0.005
019 08/04/93 17.1 <0 . 0 1 < 0 0 1 0.048 6.97 0.0079
0 2 0 08/04/93 18.3 <0 . 0 1 <0 . 0 1 <0.03 6.85 <0.005
WELL DATE Na Pb SI Zn K
0 1 08/04/93 4.09 <0 . 1 6.56 0.0743 2 . 1 1
0 2 08/04/93 17 <0 . 1 19.1 2.284 4.364
05 08/04/93 2.23 <0 . 1 5.88 0.0661 2.472
08 08/04/93 3.51 <0 . 1 7.24 0.0695 3.007
09 08/04/93 3.4 <0 . 1 6 . 6 8 0.1079 2.374
0 1 0 08/04/93 2 . 8 <0 . 1 6.79 0.0535 1.71
Oil 08/04/93 3.7 <0 . 1 6.15 0.0524 1.985
0 1 2 08/04/93 3.82 <0 . 1 6.82 0.1391 2.758
013 08/04/93 3.63 <0 . 1 6.46 0.0751 2.224
014 08/04/93 3.62 <0 . 1 7.09 0.0964 2.736
015 08/04/93 3.4 <0 . 1 6.9 0.0632 1.835
016 08/04/93 3.7 <0 . 1 6.95 0.0879 2.385
019 08/04/93 3.72 <0 . 1 6.67 0.0475 2.17
0 2 0 08/04/93 3.75 <0 . 1 6.23 0.1597 1.728
WELL DATE pH DO. T 0 1 N03-N S04
0 1 08/04/93 7.03 3.1 0.595 0.060 5.435
0 2 08/04/93 5.83 0 8.9 1.133 0 . 0 0 0 93.6
05 08/04/93 6 . 1 5.7 8.7 0.634 0 . 1 2 2 3.181
08 08/04/93 6.49 6.3 1 1 . 1 1.793 0.105 5.958
09 08/04/93 6.95 8.7 8 0.636 0.105 5.894
0 1 0 08/04/93 6.36 8 . 6 8.4 0.741 0.098 4.97
Oil 08/04/93 6.81 2 . 8 9.6 0.749 0.051 5.081
0 1 2 08/04/93 6.58 3.9 8 . 6 1.123 0.113 6.199
013 08/04/93 6.32 3.8 8 . 6 0.867 0.086 5.494
014 08/04/93 6.76 7.1 8.5 0.912 0.171 5.999
015 08/04/93 6.29 7.3 8 . 6 0.939 0.175 5.729
016 08/04/93 6.55 5.7 8.4 1.03 0.169 5.837
019 08/04/93 6.29 4.5 8 1.05 0.187 5.602
0 2 0 08/04/93 6.38 3.8 9.7 0.838 0.108 5.296
1 2 7
Table D1 : Domestic well chemical data.
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August 31, 1993 Sampling 128
WELL DATE Ca Cd Cu Fe Mg Mn
D2 08/31/93 38.9 <0.01 <0.01 4.73 7.81 0.4008
D3 08/31/93 7.75 <0.01 <0.01 <0.03 3.4 <0.005
D5 08/31/93 5.51 <0.01 <0.01 0.057 2.03 0.0134
D8 08/31/93 13.1 <0.01 0.0125 0.061 4.59 0.0054
DB LD 08/31/93 12.8 <0.01 0.0129 0.056 4.51 0.0054
D9 08/31/93 18.8 <0.01 <0.01 <0.03 11.3 <0.005
DIO 08/31/93 15.5 <0.01 <0.01 <0.03 8.79 <0.005
O i l 08/31/93 18.9 <0.01 <0.01 <0.03 6 37 <0.005
012 08/31/93 17.3 <0.01 <0.01 0.257 6.53 0.042
□13 08/31/93 17.4 <0.01 <0.01 0.051 6.29 0.0071
014 08/31/93 17.5 <0.01 <0.01 <0.03 8.88 <0.005
015 08/31/93 17 1 <0.01 <0.01 <0.03 8.66 <0.005
016 08/31/93 16.7 <0.01 <0.01 <0.03 7.19 <0,005
017 08/31/93 17.3 <0.01 0.0117 0.097 6.24 0.0083
018 08/31/93 17 <0.01 <0.01 <0.03 7 <0.005
019 08/31/93 17.6 <0.01 <0.01 <0.03 7.38 <0.005
019  FO 08/31/93 17.9 <0.01 <0.01 <0.03 7.56 <0.005
019  FO LO 08/31/93 17.5 <0.01 <0.01 <0.03 7.53 <0.005
020 08/31/93 18.5 <0.01 <0.01 <0.03 7.12 <0.005
52 08/31/93 3.51 <0.01 <0.01 <0.03 1.53 <0.005
S3 08/31/93 17 <0.01 <0.01 0.066 5.32 0.0051
S4 08/31/93 39.1 <0.01 <0.01 <0.03 18.3 <0.005
S5 08/31/93 22.8 <0.01 <0.01 <0.03 10.4 <0.005
BREWSTER CR 14.6 <0.01 <0.01 <0.03 7.84 <0.005
FB <0.1 <0.01 <0.01 <0.03 <0.1 <0.005
FILTER BLANK <0.1 <0.01 <0.01 <0.03 <0.1 <0.005
0 8  SPIKE 08/31/93 20.4 1.058 1.051 1.09 13.8 1.066
019  SPIKE 08/31/93 24.4 1.093 1.078 1.08 16.5 1.099
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
August 31, 1993 Sampling 1 2 9
WELL DATE Na Pb Si Zn K
D2 08/31/93 19.3 <0.1 24.3 0.7822 4.869
D3 08/31/93 3.17 <0.1 6.31 0.5223 1.844
D5 08/31/93 2.25 <0.1 5.92 0.0741 2.115
D 8 08/31/93 3.49 <0.1 7.12 0.0746 2.511
D 8  LD 08/31/93 3.47 <0.1 7.01 0.0738 1.984
09 08/31/93 3.6 <0.1 6 . 6 6 0.0939 1.985
D10 08/31/93 2.75 <0.1 6.84 0.0638 1.761
D11 08/31/93 3.76 <0.1 6.34 0.0722 2.287
0 1 2 08/31/93 3.76 <0.1 6.27 0.28 2.494
013 08/31/93 3.67 <0.1 6.41 0.1409 2.074
014 08/31/93 3.58 <0.1 6.93 0.1514 2.092
015 08/31/93 3.5 <0.1 7.11 0.0393 1.956
016 08/31/93 3.6 <0.1 6.81 0.1009 2.429
017 08/31/93 3.57 <0.1 6 . 1 0.2332 2.328
018 08/31/93 3.7 <0.1 6.67 0.4021 2.257
019 08/31/93 3.78 <0.1 6.95 0.1376 2.186
019 FO 08/31/93 3.89 <0.1 7.12 0.1216 2.659
019 FO LO 08/31/93 3.8 <0.1 6.97 0.118 1.911
0 2 0 08/31/93 3.86 <0.1 6.27 0.0922 2.228
82 08/31/93 1.63 <0.1 5.13 0.0375 1.649
S3 08/31/93 2.94 <0.1 5.1 0.0428 2.18
S4 08/31/93 4.09 <0.1 7.62 0.0326 2.033
S5 08/31/93 3.82 <0.1 6.49 0.0299 2.18
BREWSTER CR 2.34 <0.1 6.37 0.029 1.755
FB <0 . 1  <0 . 1 <0 . 1 0.0535 <1.5
FILTER BLANK <0 . 1  <0 . 1 <0 . 1 0.0304 <1.5
08 SPIKE 08/31/93 13.3 1.05 6.48 1.134 <1.5
019 SPIKE 08/31/93 14.1 1.1 6.49 1 . 2 0 2 <1.5
WELL DATE pH 0.0. T Cl N03-N S04
0 2 08/31/93 5.78 6.5 7.1 0.498 0.092 5.389
03 08/31/93 5.29 0.3 7 1.596 0
05 08/31/93 5.56 5 8.7 0 . 8 6 6 0.162 3.367
08 08/31/93 6.36 8.4 12.4 1.639 0.15 5.752
09 08/31/93 6.61 9.5 7 0.743 0.192 5.85
0 1 0 08/31/93 6.47 8 . 6 6 . 6 0 . 8 6 0.16 4.794
Oil 08/31/93 6 . 6 8  3 8 . 6 0.766 0.093 4.968
0 1 2 08/31/93 6.55 2.9 9 1.125 0 . 1 1 1 5.263
013 08/31/93 6.69 3.6 8.3 0.937 0.115 5.247
014 08/31/93 6.33 6 8 . 2 1 . 1 0 2 0.203 6.256
015 08/31/93 6.31 5.5 8.9 1.166 0.229 5.933
016 08/31/93 6.63 3.6 8.7 1 . 1 2 0.218 5.356
017 08/31/93 6.49 3.4 9.8 0.92 0.097 4.291
018 08/31/93 6.41 3.6 9.7 1.115 0.204 5.864
019 08/31/93 6.44 4 8 . 6 1 . 2 1 0.258 5.741
0 2 0 08/31/93 6.97 3.2 8.7 0.965 0.135 5.338
S2 08/31/93 6.9 7.1 0.565 3.139
S3 08/31/93 8 . 0 1 10.5 1.672 3.486
S4 08/31/93 8.32 8.4 2.216 0.208 9.224
S5 08/31/93 7.63 12.3 1.374 0.086 5.971
BREWSTER CR 0.64 4.992
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October 4, 1993 Sampling 
WELL DATE AI As B Ca Cd Co
D2 10/04/93 0.234 <0.07 <0.04 33.5 <0.01 <0.03
D3 10/04/93 <0.07 <0.07 <0.04 6.67 <0.01 <0.03
04 10/04/93 0.129 <0.07 <0.04 5.15 <0.01 <0.03
05 10/04/93 0.126 <0.07 <0.04 5.49 <0.01 <0.03
06 10/04/93 <0.07 <0.07 <0.04 20.6 <0.01 <0.03
06 LD 10/04/93 0.141 <0.07 <0.04 5.3 <0.01 <0.03
D7 10/04/93 <0.07 <0.07 <0.04 11.2 <0.01 <0.03
D8 10/04/93 <0.07 <0.07 <0.04 12.7 <0.01 <0.03
D9 10/04/93 <0.07 <0.07 <0.04 18.5 <0.01 <0.03
D10 10/04/93 <0.07 <0.07 <0.04 16.3 <0.01 <0.03
D11 10/04/93 <0.07 <0.07 <0.04 19.2 <0.01 <0.03
FB 10/04/93 <0.07 <0.07 <0.04 <0.1 <0.01 <0.03
D13 10/04/93 <0.07 <0.07 <0.04 17.4 <0.01 <0.03
D14 10/04/93 <0.07 <0.07 <0.04 17.7 <0.01 <0.03
D15 10/04/93 <0.07 <0.07 <0.04 17.3 <0.01 <0.03
D16 10/04/93 <0.07 <0.07 <0.04 16.3 <0.01 <0.03
D17 10/04/93 <0.07 <0.07 <0.04 17.7 <0.01 <0.03
D18 10/04/93 <0.07 <0.07 <0.04 16.8 <0.01 <0.03
D19 10/04/93 <0.07 <0.07 <0.04 16.7 <0.01 <0.03
D20 10/04/93 <0.07 <0.07 <0.04 18.8 <0.01 <0.03
81 10/04/93 <0.07 <0.07 <0.04 19.6 <0.01 <0.03
82 10/04/93 <0.07 <0.07 <0.04 3.6 <0.01 <0.03
83 10/04/93 <0.07 <0.07 <0.04 18.8 <0.01 <0.03
BLANK <0.07 <0.07 <0.04 <0.1 <0.01 <0.03
BLANK <0.07 <0.07 <0.04 <0.1 <0.01 <0.03
7D4 10/4/93 SPIKE 0.303 0.134 0.267 38.4 0.0236 0.0558
7D8 10/4/93 SPIKE 0.186 0.125 0.266 44.6 0.0222 0.0541
1 3 0
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October 4, 1993 Sampling 
WELL DATE Cr Cu Fe Mg Mn Mo
0 2 10/04/93 <0.008 <0 . 0 1 4.63 7.31 0.3938 <0 . 0 1
□3 10/04/93 <0.008 <0 . 0 1 0.508 2.99 0.0426 <0 . 0 1
□4 10/04/93 <0.008 <0 . 0 1 0.066 1.97 <0.005 <0 . 0 1
05 10/04/93 <0.008 <0 . 0 1 0.087 2 <0.005 <0 . 0 1
06 10/04/93 <0.008 0.0472 <0.03 5.95 <0.005 <0 . 0 1
06 LO 10/04/93 <0.008 <0 . 0 1 0.071 1.99 <0.005 <0 . 0 1
07 10/04/93 <0.008 0.0118 0.042 3.68 <0.005 <0 . 0 1
08 10/04/93 <0.008 0 . 0 1 0 2 0.058 4.29 <0.005 <0 . 0 1
09 10/04/93 <0.008 0.0126 0.079 1 1 0.0582 <0 . 0 1
0 1 0 10/04/93 <0.008 <0 . 0 1 <0.03 9.22 <0.005 <0 . 0 1
Oil 10/04/93 <0.008 <0 . 0 1 <0.03 6.29 <0.005 <0 . 0 1
FB 10/04/93 <0.008 <0 . 0 1 <0.03 <0 . 1 <0.005 <0 . 0 1
013 10/04/93 <0.008 <0 . 0 1 0.031 6.27 <0.005 <0 . 0 1
014 10/04/93 <0.008 <0 . 0 1 <0.03 8.96 <0.005 <0 . 0 1
015 10/04/93 <0.008 <0 . 0 1 <0.03 8.58 <0.005 <0 . 0 1
016 10/04/93 <0.008 <0 . 0 1 0.045 7.12 <0.005 <0 . 0 1
017 10/04/93 <0.008 0.0264 0.051 6.29 <0.005 <0 . 0 1
018 10/04/93 <0.008 <0 . 0 1 <0.03 7.01 <0.005 <0 . 0 1
019 10/04/93 <0.008 <0 . 0 1 <0.03 7.16 0.0053 <0 . 0 1
0 2 0 10/04/93 <0.008 <0 . 0 1 <0.03 6.97 <0.005 <0 . 0 1
81 10/04/93 <0.008 <0 . 0 1 <0.03 6 . 1 1 <0.005 <0 . 0 1
82 10/04/93 <0.008 <0 . 0 1 <0.03 1.49 <0.005 <0 . 0 1
83 10/04/93 <0.008 <0 . 0 1 <0.03 5.84 <0.005 <0 . 0 1
BLANK <0.008 <0 . 0 1 <0.03 <0 . 1 <0.005 <0 . 0 1
BLANK <0.008 <0 . 0 1 <0.03 <0 . 1 <0.005 <0 . 0 1
704 10/4/93 SPIKE 0.0106 0.1082 1.18 22.9 1 . 1 1 1 0.059
708 10/4/93 SPIKE . 0 . 0 1 0.1143 1.13 24.6 1.084 0.0553
1 3 1
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October 4, 1993 Sampling 
WELL DATE Na Ni P Pb Si Sr
0 2 10/04/93 17.8 <0 . 0 2 <0 . 2 <0 . 1 2 2 . 6 0.0928
03 10/04/93 3.07 <0 . 0 2 <0 . 2 <0 . 1 5.16 <0.05
04 10/04/93 2 . 2 2 <0 . 0 2 <0 . 2 <0 . 1 5.99 <0.05
05 10/04/93 2.24 <0 . 0 2 <0 . 2 <0 . 1 6.04 <0.05
06 10/04/93 5.37 <0 . 0 2 <0 . 2 <0 . 1 7.23 <0.05
06 LO 10/04/93 2.27 <0 . 0 2 0 . 2 2 <0 . 1 6.13 <0.05
07 10/04/93 3.02 <0 . 0 2 <0 . 2 <0 . 1 6.3 <0.05
08 10/04/93 3.38 <0 . 0 2 <0 . 2 <0 . 1 7.17 <0.05
09 10/04/93 3.36 <0 . 0 2 <0 . 2 <0 . 1 6.49 <0.05
0 1 0 10/04/93 2.83 <0 . 0 2 <0 . 2 <0 . 1 6.83 <0.05
0 1 1 10/04/93 3.86 <0 . 0 2 0.23 <0 . 1 6.78 <0.05
FB 10/04/93 <0.1 <0 . 0 2 <0 . 2 <0 . 1 <0 . 1 <0.05
013 10/04/93 3.7 <0 . 0 2 <0 . 2 <0 . 1 6,76 <0.05
014 10/04/93 3.66 <0 . 0 2 <0 . 2 <0 . 1 7.27 <0.05
015 10/04/93 3.5 <0 . 0 2 0.27 <0 . 1 7.4 <0.05
016 10/04/93 3.52 <0 . 0 2 <0 . 2 <0 . 1 6 . 8 <0.05
017 10/04/93 3.58 <0 . 0 2 <0 . 2 <0 . 1 6.37 <0.05
018 10/04/93 3.62 <0 . 0 2 <0 . 2 <0 . 1 6 . 8 6 <0.05
019 10/04/93 3.66 <0 . 0 2 <0 . 2 <0 . 1 6.91 <0.05
0 2 0 10/04/93 3.8 <0 . 0 2 0.23 <0 . 1 6.58 <0.05
81 10/04/93 3.4 <0 . 0 2 0 . 2 2 <0 . 1 5.4 <0.05
82 10/04/93 1 . 6 8 <0 . 0 2 <0 . 2 <0 . 1 5.16 <0.05
S3 10/04/93 3.22 <0 . 0 2 0.25 <0 . 1 5.38 <0.05
BLANK <0 . 1 <0 . 0 2 <0 . 2 <0 . 1 <0 . 1 <0.05
BLANK <0 . 1 <0 . 0 2 <0 . 2 <0 . 1 <0 . 1 <0.05
704 10/4/93 SPIKE 18.3 0.032 0.67 0.127 13.1 0.0697
708 10/4/93 SPIKE 19.1 0.032 0.67 <0 . 1 13.8 0.0788
1 3 2
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October 4, 1993 Sampling 1 3 3
WELL DATE Ti Zn K
D2 10/04/93 <0.05 0.8771 4.723
03 10/04/93 <0.05 0.9691 1.681
04 10/04/93 <0.05 0.2554 1.871
05 10/04/93 <0.05 0.0879 1.785
06 10/04/93 <0.05 0.0736 2.485
06 LO 10/04/93 <0.05 0.2636 2 . 1
07 10/04/93 <0.05 0.0295 1 923
08 10/04/93 <0.05 0.0686 2.261
09 10/04/93 <0.05 0.317 1.716
DIO 10/04/93 <0.05 0.0742 1.515
0 1 1 10/04/93 <0.05 0.0442 2.301
FB 10/04/93 <0.05 0.0219 <1.5
013 10/04/93 <0.05 0.1255 2 . 2 2 1
014 10/04/93 <0.05 0.1507 2.014
015 10/04/93 <0.05 0.0323 2.055
016 10/04/93 <0.05 0.3296 1.848
017 10/04/93 <0.05 0.2694 2.215
018 10/04/93 <0.05 0.4329 2 . 0 2
019 10/04/93 <0.05 0.0507 1.991
0 2 0 10/04/93 <0.05 0.0833 2.227
81 10/04/93 <0.05 0.0052 2.089
82 10/04/93 <0.05 0.006 1 854
83 10/04/93 <0.05 <0.005 2.227
BLANK <0.05 <0.005 <1.5
BLANK <0.05 <0.005 <1.5
704 10/4/93 SPIKE <0.05 1.403 5.131
708 10/4/93 SPIKE <0.05 1.19 5.211
WELL DATE pH 0 .0 . T CL N03-N 804
0 2 10/04/93 5.82 0 . 1 7.2 2.115 <0.04 124.35
03 10/04/93 6.28 5.1 9.1 0.627 0.073 4.203
05 10/04/93 5.99 3.8 8 . 1 0.874 0.172 0.3907
06 10/04/93 7.17 3.3 1 1 1.279 0 . 1 1 10.382
07 10/04/93 6.35 1.5 1 1 . 1 0.783 0.084 4.499
08 10/04/93 6.07 4.9 1 2 . 1 1.44 0.132 5.833
09 10/04/93 6.71 1.9 16 0.851 <0.04 5.564
DIO 10/04/93 6 . 8 6 . 6 7.6 0.914 0.134 5.027
0 1 1 10/04/93 6 . 8 1 . 8 9.4 0,573 0.099 4.915
013 10/04/93 6.76 1 . 6 8.9 0.943 0.095 5.077
014 10/04/93 6.94 4.1 8 1.184 0 . 2 2 6.036
015 10/04/93 6 . 6 6 6 . 2 8.9 1.238 0.24 5.664
016 10/04/93 6 . 8 4.6 8 . 8 1.196 0 . 2 5,707
017 10/04/93 6 . 6 3.3 11.4 0.582 0.103 4.546
018 10/04/93 6.62 3.7 9.6 0.893 0.182 5.495
019 10/04/93 6.55 4.7 8.7 1.161 0.224 5.673
0 2 0 10/04/93 6.93 3.1 9.2 0.676 0 . 1 2 1 5.194
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March 23, 1994 Sampling 
WELL DATE AI As B Ca Cd Co Cr
07 03/23/94 <0.07 <0.07 <0.04 1 1 . 6 <0 . 0 1 <0.03 <0.008
08 03/23/94 <0.07 <0.07 <0.04 1 1 . 6 <0 . 0 1 <0.03 <0.008
0 1 0 03/23/94 <0.07 <0.07 <0.04 17.2 <0 . 0 1 <0.03 <0.008
Oil 03/23/94 <0.07 <0.07 <0.04 18 <0 . 0 1 <0.03 <0.008
Oil FO 03/23/94 <0.07 <0.07 <0.04 18.5 <0 . 0 1 <0.03 <0.008
0110UP LO <0.07 <0.07 <0.04 18.7 <0 . 0 1 <0.03 <0.008
013 03/23/94 <0.07 <0.07 <0.04 16.7 <0 . 0 1 <0.03 <0.008
016 03/23/94 <0.07 <0.07 <0.04 15.5 <0 . 0 1 <0.03 <0.008
017 03/23/94 <0.07 <0.07 <0.04 16.7 <0 . 0 1 <0.03 <0.008
018 03/23/94 <0.07 <0.07 <0.04 16 <0 . 0 1 <0.03 <0.008
019 03/23/94 <0.07 <0.07 <0.04 16.1 <0 . 0 1 <0.03 <0.008
019 OUP LO <0.07 <0.07 <0.04 15.9 <0 . 0 1 <0.03 <0.008
0 2 2 03/23/94 <0.07 <0.07 <0.04 17.8 <0 . 0 1 <0.03 <0.008
81 03/23/94 <0.07 <0.07 <0.04 18.8 <0 . 0 1 <0.03 <0.008
82 03/23/94 <0.07 <0.07 <0.04 4.21 <0 . 0 1 <0.03 <0.008
83 03/23/94 <0.07 <0.07 <0.04 17.4 <0 . 0 1 <0.03 <0.008
84 03/23/94 <0.07 <0.07 <0.04 2 1 . 2 <0 . 0 1 <0.03 <0.008
blank <0.07 <0.07 <0.04 <0 . 1 <0 . 0 1 <0.03 <0.008
011 OUPSPK 0.368 0.233 0.708 77.5 0.0417 0.1019 0.0205
019 OUP 8 PK 0.376 0.233 0.715 76.1 0 0423 0-1035 0.0225
WELL DATE Cu Fe Mg Mn Mo Na NI
07 03/23/94 0.0124 <0.03 4.03 <0.005 <0 . 0 1 2.93 <0 . 0 2
08 03/23/94 <0 . 0 1 0.068 4.1 <0.005 <0 . 0 1 3.22 <0 . 0 2
0 1 0 03/23/94 <0 . 0 1 <0.03 1 0 . 2 <0.005 <0 . 0 1 2.97 <0 . 0 2
0 1 1 03/23/94 <0 . 0 1 <0.03 6.31 <0.005 <0 . 0 1 3.53 <0 . 0 2
Oil FO 03/23/94 <0 . 0 1 <0.03 6.45 <0.005 <0 . 0 1 3.52 <0 . 0 2
Oil OUP LO <0 . 0 1 <0.03 6.59 <0.005 <0 . 0 1 3.63 <0 . 0 2
013 03/23/94 <0 . 0 1 0.702 6 . 2 2 <0.005 <0 . 0 1 3.45 <0 . 0 2
016 03/23/94 <0 . 0 1 <0.03 6.92 <0.005 <0 . 0 1 3.35 <0 . 0 2
017 03/23/94 0.0304 <0.03 6.3 <0.005 <0 . 0 1 3.39 <0 . 0 2
018 03/23/94 <0 . 0 1 <0.03 6.85 0.0061 <0 . 0 1 3.47 <0 . 0 2
019 03/23/94 <0 . 0 1 <0.03 7.12 <0.005 <0 . 0 1 3.47 <0 . 0 2
019 OUP LO <0 . 0 1 <0.03 7.1 <0.005 <0 . 0 1 3.52 <0 . 0 2
0 2 2 03/23/94 0.1091 <0.03 6 . 2 <0.005 <0 . 0 1 3.12 <0 . 0 2
81 03/23/94 <0 . 0 1 <0.03 6.39 <0.005 <0 . 0 1 3.72 <0 . 0 2
82 03/23/94 <0 . 0 1 <0.03 1.81 <0.005 <0 . 0 1 1.89 <0 . 0 2
83 03/23/94 <0 . 0 1 <0.03 5.97 <0.005 <0 . 0 1 3.45 <0 . 0 2
84 03/23/94 <0 . 0 1 <0.03 1 0 . 1 <0.005 <0 . 0 1 3.59 <0 . 0 2
blank <0 . 0 1 <0.03 <0 . 1 <0.005 <0 . 0 1 <0 . 1 <0 . 0 2
Oil OUPSPK 0.2041 2.08 47.1 2.018 0.1055 34.4 0.052
019 OUP SPK 0.2053 2 . 1 1 48.2 2.038 0.1061 34.4 0.054
1 3 4
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February 14, 1994 Sampling 
Welt Date AI As B Ca Cd Co Cr
□6 02/14/94 <0.07 <0.07 <0.04 20.9 <0.01 <0.03 <0.008
0 9 02/14/94 <0.07 <0.07 <0,04 19 <0.01 <0.03 <0.008
□10 02/14/94 <0.07 <0.07 <0.04 18.2 <0.01 <0.03 <0.008
O i l 02/14/94 <0.07 <0.07 <0.04 19 <0.01 <0.03 <0.008
013 02/14/94 <0.07 <0.07 <0.04 18.5 <0.01 <0.03 <0.008
□  14 02/14/94 <0.07 <0.07 <0.04 17.1 <0.01 <0.03 <0.008
□14 FD 02/14/94 <0.07 <0.07 <0.04 17 <0.01 <0.03 <0.008
□14 FD LD 02/14/94 <0.07 <0.07 <0.04 16.7 <0.01 <0.03 <0.008
□16 02/14/94 <0.07 <0.07 <0.04 16.7 <0.01 <0.03 <0.008
□16 FD 02/14/94 <0.07 <0.07 <0.04 16.8 <0.01 <0.03 <0.008
□16 FD LD 02/14/94 <0.07 <0.07 <0.04 16.4 <0.01 <0.03 <0.008
□17 02/14/94 <0.07 <0.07 <0.04 17.9 <0.01 <0.03 <0.008
□19 02/14/94 <0.07 <0.07 <0.04 17 <0.01 <0.03 <0.008
Field Blank 02/14/94 <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.008
BLANK 02/14/94 <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.008
BLANK 02/14/94 <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.008
BLANK 02/14/94 <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.008




Date Cu Fe Mg Mn Mo Na Ni
□6 02/14/94 0.016 <0.03 6.28 <0.005 <0.01 5.32 <0.02
□9 02/14/94 <0.01 0.03 11.7 <0.005 <0.01 3.4 <0.02
□10 02/14/94 <0.01 <0.03 10.7 <0.005 <0.01 3.06 <0.02
□11 02/14/94 <0.01 <0.03 6.62 <0.005 <0.01 3.6 <0.02
□13 02/14/94 <0.01 0.043 6.75 <0.005 <0.01 3.58 <0.02
□14 02/14/94 <0.01 0.031 8.93 <0.005 <0.01 3.64 <0.02
□14 FD 02/14/94 <0.01 0.06 7.2 <0.005 <0.01 3.72 <0.02
□14 FD LD 02/14/94 <0.01 0.058 7.13 0.0052 <0.01 3.62 <0.02
□16 02/14/94 <0.01 <0.03 7.41 <0.005 <0.01 3.51 <0.02
□16 FD 02/14/94 <0.01 <0.03 7.45 <0.005 <0.01 3.68 <0.02
□16 FD LD 02/14/94 <0.01 <0.03 7.34 <0.005 <0.01 3.55 <0.02
□17 02/14/94 0.0339 <0.03 6.66 <0.005 <0.01 3.6 <0.02
□19 02/14/94 <0.01 <0.03 7.46 <0.005 <0.01 3.59 <0.02
Field Blank 02/14/94 <0.01 <0.03 <0.1 <0.005 <0.01 <0.1 <0.02
BLANK 02/14/94 <0.01 <0.03 <0.1 <0.005 <0.01 <0.1 <0.02
BLANK 02/14/94 <0.01 <0.03 <0.1 <0.005 <0.01 <0.1 <0.02
BLANK 02/14/94 <0.01 <0.03 <0.1 <0.005 <0.01 <0.1 <0.02
USGS T i l  5 02/14/94 0.0158 1.26 31.2 0.5116 0.0516 154 <0.02
1 3 5




Date P Pb Si Sr Ti Zn K
D6 02/14/94 <0 . 2 <0 . 1 7.17 <0.05 <0.05 0.0226 2.519
D9 02/14/94 <0 . 2 <0 . 1 6.97 <0.05 <0.05 0.1314 1.882
DIO 02/14/94 < 0 2 <0 . 1 6.94 <0.05 <0.05 0.0524 1.837
Oil 02/14/94 <0 . 2 <0 . 1 5.88 <0.05 <0.05 0.0878 2.23
013 02/14/94 <0 . 2 <0 . 1 6.4 <0.05 <0.05 0.1809 2.425
014 02/14/94 <0 . 2 <0 . 1 6.93 <0.05 <0.05 0.1368 2.016
014 FO 02/14/94 <0 . 2 <0 . 1 6 . 6 <0.05 <0.05 0.7064 2 . 1 1 1
014 FO LO 02/14/94 <0 . 2 <0 . 1 6.49 <0.05 <0.05 0.6968 2.151
016 02/14/94 <0 . 2 <0 . 1 6.9 <0.05 <0.05 0.0764 2 . 2 0 1
016 FO 02/14/94 <0 . 2 <0 . 1 6.9 <0.05 <0.05 0.1394 2.146
016 FO LO 02/14/94 <0 . 2 <0 , 1 6 . 8 <0.05 <0.05 0.1366 2.056
017 02/14/94 <0 . 2 <0 . 1 6 . 2 2 <0.05 <0.05 0.3627 2 . 2 2
019 02/14/94 <0 . 2 <0 . 1 6.78 <0.05 <0.05 0.0467 2.225
Field Blank 02/14/94 <0 . 2 <0 . 1 0 . 1 2 1 <0.05 <0.05 <0.005 <1.5
BLANK 02/14/94 <0 . 2 <0 . 1 <0 . 1 <0.05 <0.05 <0.005 <1.5
BLANK 02/14/94 <0 . 2 <0 . 1 <0 . 1 <0.05 <0.05 <0.005 <1.5
BLANK 02/14/94 <0 . 2 <0 . 1 <0 . 1 <0.05 <0.05 <0.005 <1.5




Date pH 0 .0 . T ALK Cl N03 S04
06 02/14/94 7.35 2.7 4.6 63 0.881 0.123 10.602
09 02/14/94 6.7 4.3 3.5 74 0.567 0.136 6.257
0 1 0 02/14/94 6 . 2 1 6 . 6 5.1 70 0.624 0.141 5.82
Oil 02/14/94 6.59 5.2 5.7 65 0.5 0.056 5.267
013 02/14/94 6.3 5.2 8 58 0.506 0.06 5.68













017 02/14/94 6.42 6 . 1 2 . 8 62 0.484 0.061 5.155
019 02/14/94 6.38 4.8 7.8 58 0.699 0.172 5.566
1 3 6
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March 23, 1994 Sampling
WELL OATE P Pb Si Sr Ti Zn K
07 03/23/94 <0.2 <0 . 1 5.52 <0.05 <0.05 <0.005 2.426
08 03/23/94 <0.2 <0 . 1 6.51 <0.05 <0.05 0.0344 2.714
O 1 0 03/23/94 <0.2 <0 . 1 6.61 <0.05 <0.05 0.051 2.072
0 1 1 03/23/94 <0.2 <0 . 1 5.63 <0.05 <0.05 0.0654 2.637
011 FO 03/23/94 <0.2 <0 . 1 5.82 <0.05 <0.05 0.0654 2.62
Oil OUP LO <0 . 2 <0 . 1 5.88 <0.05 <0.05 0.0664 2.732
013 03/23/94 <0.2 <0 . 1 5.79 <0.05 <0.05 0.2887 2.661
016 03/23/94 <0.2 <0 . 1 6.48 <0.05 <0.05 0.118 2.496
017 03/23/94 <0.2 <0 . 1 5.96 <0.05 <0.05 0.1757 2.531
018 03/23/94 <0.2 <0 . 1 6.41 <0.05 <0.05 0.4944 2.614
019 03/23/94 <0.2 <0 . 1 6.53 <0.05 <0.05 0.0411 2.531
019 OUPLO <0 . 2 <0 . 1 6.45 <0.05 <0.05 0.0408 2.473
0 2 2 03/23/94 <0.2 <0 . 1 5.58 <0.05 <0.05 0.0232 2.632
81 03/23/94 <0.2 <0 . 1 5.68 <0.05 <0.05 <0.005 2.555
82 03/23/94 <0.2 <0 . 1 5.1 <0.05 <0.05 <0.005 2.355
83 03/23/94 <0.2 <0 . 1 5.58 <0.05 <0.05 <0.005 2.561
84 03/23/94 <0.2 <0 . 1 5.98 <0.05 <0.05 <0.005 2.367
blank <0 . 2 <0 . 1 <0 . 1 <0.05 <0.05 <0.005 <1.5
011 OUPSPK 0.87 0 . 2 2 2 20.5 0.131 <0.05 2.148 8.954
019 OUPSPK 0.87 0.229 21.4 0.1268 <0.05 2.144 8.996
WELL DATE T DO. pH Aik Cl N03 804
07 03/23/94 0.528 0.088 5.589
08 03/23/94 1.16 0.139 6.157
0 1 0 03/23/94 0.85 1.85 5.922
0 1 1 03/23/94 0.594 0.066 5.295
011 FD 03/23/94 5.58 0.063 5.234
013 03/23/94 0.555 0.06 5.557
016 03/23/94 0.965 0.146 5.663
017 03/23/94 0.582 0.073 5.156
018 03/23/94 0.917 0.118 5.598
019 03/23/94 1.056 0.16 5.649
0 2 2 03/23/94 0.877 0.128 4.931
81 03/23/94 0.634 5.029
82 03/23/94 0.27 4.851
83 03/23/94 0.593 5.044
84 03/23/94 0.867 0 . 1 1 1 6.109
1 3 7
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APRIL 25, 1994 SAMPLING 138
WELL OATE AI As B Ca Cd Co
05 04/27/94 0.073 <0.07 <0.04 7,05 <0 . 0 1 <0.03
06 04/25/94 <0.07 <0.07 <0.04 2 0 . 8 <0 . 0 1 <0.03
07 04/25/94 <0.07 <0.07 <004 1 1 , 8 <0 . 0 1 <0.03
08 04/27/94 <0.07 <0.07 <0.04 12.4 <0 . 0 1 <0.03
09 04/25/94 <0.07 <0.07 <0.04 18.9 <0 . 0 1 <0.03
0 1 0 04/25/94 <0.07 <0.07 <0.04 16.5 <0 . 0 1 <0.03
Oil 04/25/94 <0.07 <0.07 <0.04 18.8 <0 . 0 1 <0.03
Oil OUP <0.07 <0.07 <0.04 19 <0 . 0 1 <0.03
OilLABOUP <0.07 <0.07 <0.04 18.4 <0 . 0 1 <0.03
0 1 2 04/25/94 <0.07 <0.07 <0.04 16.9 <0 . 0 1 <0.03
013 04/25/94 <0.07 <0.07 <0.04 17.6 <0 . 0 1 <0.03
014 04/25/94 <0.07 <0.07 <0.04 17.8 <0 . 0 1 <0.03
016 04/25/94 <0.07 <0.07 <0.04 16.3 <0 . 0 1 <0.03
017 04/25/94 <0.07 <0.07 <0.04 17.3 <0 . 0 1 <0.03
018 04/25/94 <0.07 <0.07 <0.04 16.8 <0 . 0 1 <0.03
019 04/25/94 <0.07 <0.07 <0.04 17.2 <0 . 0 1 <0.03
0 2 0 04/25/94 <0.07 <0.07 <0.04 19 <0 . 0 1 <0.03
81 04/27/94 0.159 <0.07 <0.04 9 <0 . 0 1 <0.03
82 04/27/94 0.124 <0.07 <0.04 3.25 <0 . 0 1 <0.03
83 04/27/94 0.162 <0.07 <0.04 8 . 8 <0 . 0 1 <0.03
BLANK <0.07 <0.07 <0.04 <0 . 1 <0 . 0 1 <0.03
BLANK <0.07 <0.07 <0.04 <0 . 1 <0 . 0 1 <0.03
BLANK <0.07 <0.07 <0.04 <0 . 1 <0 . 0 1 <0.03
BLANK <0.07 <0.07 <0.04 <0 . 1 <0 . 0 1 <0.03
blank <0.07 <0.07 <0.04 <0 . 1 <0 . 0 1 <0.03
U 8 G 8  Til 5 <0.07 <0.07 0 . 1 58 <0 . 0 1 <0.03
Oil OUPSPK 0.398 0 . 2 2 2 0.713 79.2 0.0406 0.1041
FB <0.07 <0.07 <0.04 0.046 <0 . 0 1 <0.03
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APRIL 25, 1994 SAMPLING 1 3 9
WELL OATE Cr Cu Fe Mg Mn Mo
D5 04/27/94 <0.008 <0 . 0 1 0.059 2.7 0.0057 <0 . 0 1
D6 04/25/94 <0.008 <0 . 0 1 <0.03 6.26 <0.005 <0 . 0 1
07 04/25/94 <0.008 0.0113 <0.03 4.01 <0.005 <0 . 0 1
08 04/27/94 <0.008 <0 . 0 1 0.059 4.38 <0.005 <0 , 0 1
09 04/25/94 <0.008 <0 . 0 1 <0.03 11.7 <0.005 <0 . 0 1
0 1 0 04/25/94 <0.008 <0 . 0 1 <0.03 9.59 <0.005 <0 . 0 1
Oil 04/25/94 <0.008 <0 . 0 1 <0.03 6.52 <0.005 <0 . 0 1
Oil OUP <0.008 <0 . 0 1 <0.03 6.58 <0.005 <0 . 0 1
011LABOUP <0.008 <0 . 0 1 <0.03 6.32 <0.005 <0 . 0 1
0 1 2 04/25/94 <0.008 <0 . 0 1 0.183 6.48 0.0081 <0 . 0 1
013 04/25/94 <0.008 <0 . 0 1 <0.03 6.44 <0.005 <0 . 0 1
014 04/25/94 <0.008 <0 . 0 1 <0.03 9.15 <0.005 <0 . 0 1
016 04/25/94 <0.008 <0 . 0 1 <0.03 7.24 <0.005 <0 . 0 1
017 04/25/94 <0.008 0.0389 <0.03 6.34 <0.005 <0 . 0 1
018 04/25/94 <0.008 <0 . 0 1 <0.03 7.06 <0.005 <0 . 0 1
019 04/25/94 <0.008 <0 . 0 1 <0.03 7.52 <0.005 <0 . 0 1
0 2 0 04/25/94 <0.008 <0 . 0 1 <0.03 7.45 <0.005 <0 . 0 1
81 04/27/94 <0.008 <0 . 0 1 0.107 3.01 <0.005 <0 . 0 1
32 04/27/94 <0.008 <0 . 0 1 0.058 1.46 <0.005 <0 . 0 1
S3 04/27/94 <0.008 <0 . 0 1 0 . 1 3.04 <0.005 <0 . 0 1
BLANK <0.008 <0 . 0 1 <0.03 <0 . 1 <0.005 <0 . 0 1
BLANK <0.008 <0 . 0 1 <0.03 <0 . 1 <0.005 <0 . 0 1
BLANK <0.008 <0 . 0 1 <0.03 <0 . 1 <0.005 <0 . 0 1
BLANK <0.008 <0 . 0 1 <0.03 <0 . 1 <0.005 <0 . 0 1
blank <0.008 <0 . 0 1 <0.03 <0 . 1 <0.005 <0 . 0 1
USGS Til5 0.036 0.0182 1.29 31.7 0.5215 0.0517
Oil DUR SPK 0.0181 0.1997 2.07 45.2 2.126 0.1071
FB <0.008 <0 . 0 1 <0.03 <0 . 1 <0.005 <0 . 0 1
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APRIL 25. 1994 SAMPLING 1 4 0
WELL OATE Na NI P Pb Si
D5 04/27/94 2.69 <0 . 0 2 <0 . 2 <0 . 2 5.97
D6 04/25/94 5.6 <0 . 0 2 <0 . 2 <0 . 2 7.18
D7 04/25/94 3.05 <0 . 0 2 <0 . 2 <0 . 2 5.98
D8 04/27/94 3.36 <0 . 0 2 <0 . 2 <0 . 2 6.74
D9 04/25/94 3.49 <0 . 0 2 <0 . 2 <0 . 2 6.96
DIO 04/25/94 2.95 <0 . 0 2 <0 . 2 <0 . 2 7.07
0 1 1 04/25/94 3.76 <0 . 0 2 <0 . 2 <0 . 2 6.07
DllDUP 3.73 <0 . 0 2 <0 . 2 <0 . 2 6 , 1 2
Dl 1LABDUP 3.55 <0 . 0 2 <0 . 2 <0 . 2 5.89
0 1 2 04/25/94 3.71 <0 . 0 2 <0 . 2 <0 . 2 6.23
013 04/25/94 3.54 <0 . 0 2 <0 . 2 <0 . 2 6 . 2
014 04/25/94 3.65 <0 . 0 2 <0 . 2 <0 . 2 7.45
016 04/25/94 3.64 <0 . 0 2 <0 . 2 <0 . 2 6.62
017 04/25/94 3.48 <0 . 0 2 <0 . 2 <0 . 2 6.26
018 04/25/94 3.57 <0 . 0 2 <0 . 2 <0 . 2 6.62
019 04/25/94 3.84 <0 . 0 2 <0 . 2 <0 . 2 6.78
0 2 0 04/25/94 3.79 <0 . 0 2 <0 . 2 <0 . 2 6.45
31 04/27/94 2.25 <0 . 0 2 <0 . 2 <0 . 2 6.37
32 04/27/94 1.64 <0 . 0 2 <0 . 2 <0 . 2 5.49
33 04/27/94 2.23 <0 . 0 2 <0 . 2 <0 . 2 6.39
BLANK <0 . 1 <0 . 0 2 <0 . 2 <0 . 2 <0 . 1
BLANK <0 . 1 <0 . 0 2 <0 . 2 <0 . 2 <0 . 1
BLANK <0 . 1 <0 . 0 2 <0 . 2 <0 . 2 <0 . 1
BLANK <0 . 1 <0 . 0 2 <0 . 2 <0 . 2 <0 . 1
blank <0 . 1 <0 . 0 2 <0 . 2 <0 . 2 <0 . 1
U3GS T115 157 <0 . 0 2 <0 . 2 <0 . 2 5.66
011 OUPSPK 35.8 0.067 1 <0 . 2 20.4
FB <0 . 1 <0 . 0 2 <0 . 2 <0 . 2 <0 . 1
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APRIL 25, 1994 SAMPLING 1 4 1
WELL DATE 8 r Ti Zn K
D5 04/27/94 <0.05 <0.05 0.0939 1.831
D6 04/25/94 <0.05 <0.05 0.0144 2.096
D7 04/25/94 <0.05 <0.05 <0.005 1.732
D8 04/27/94 <0.05 <0.05 0.0345 2.013
D9 04/25/94 <0.05 <0.05 0.0945 <1.5
DIO 04/25/94 <0.05 <0.05 0.0582 <1.5
Oil 04/25/94 <0.05 <0.05 0.0403 1.737
□11 DUP <0.05 <0.05 0.0438 1.831
DllLABDUP <0.05 <0.05 0.0422 1.791
D12 04/25/94 <0.05 <0.05 0.1449 1.9
D13 04/25/94 <0.05 <0.05 0.0191 1.89
D14 04/25/94 <0.05 <0.05 0.099 1.964
D16 04/25/94 <0.05 <0.05 0.2448 1.836
D17 04/25/94 <0.05 <0.05 0.1664 2.023
D18 04/25/94 <0.05 <0.05 0.5088 1.988
D19 04/25/94 <0.05 <0.05 0.0444 1.845
D20 04/25/94 <0.05 <0.05 0.0965 2.023
81 04/27/94 <0.05 <0.05 <0.005 1.585
82 04/27/94 <0.05 <0.05 <0.005 <1.5
83 04/27/94 <0.05 <0.05 <0.005 1.506
BLANK <0.05 <0.05 <0.005 <1.5
BLANK <0.05 <0.05 <0.005 <1.5
BLANK <0.05 <0.05 <0.005 <1.5
BLANK <0.05 <0.05 <0.005 <1.5
blank <0.05 <0.05 <0.005 <1.5
U 8 G 8  Til5 0.6357 <0.05 0.4686 7.977
Dll DUP 8 PK 0.134 <0.05 2.166 8.027
FB <0.05 <0.05 <0.005 <1.5
APRIL 25. 1994 SAMPLING
WELL DATE T D.O. pH Aik Cl N03 804
D5 04/27/94 6.5 6 . 1 5.94 26 1 . 1 1 2 0.138 2.79
06 04/25/94 6.7 3.8 6.96 6 6 0.836 0.124 10.695
D7 04/25/94 4.8 4.3 6 42 0 . 6 8 0.078 5.523
D 8 04/27/94 9.1 5.1 6.81 72 0.901 0.164 6.353
D9 04/25/94 6 . 2 7.4 6.61 80 0.481 0.133 6.301
DIO 04/25/94 6 . 2 9.7 6.57 6 8 0.95 0.155 5.116
D11 04/25/94 4.7 5.8 6.64 6 8 0.537 0.065 5.219
Dll DUP 04/27/94 64 0.592 5.262
D12 04/25/94 7.6 4.3 6.34 60 0.924 0.064 5.606
D13 04/25/94 6.9 5.5 6.33 60 0.82 0.087 5.674
D14 04/25/94 7.4 5.3 6.46 6 8 1.079 0.171 6.47
DIG 04/25/94 6.9 5.1 6.5 64 0.851 0.113 5.759
D17 04/25/94 6.3 5.7 6.35 64 0.665 0.07 494
D18 04/25/94 7.1 4.8 6.29 62 0.881 0.108 5.582
D19 04/25/94 6.7 5.4 6.33 50 0.805 0.157 5.644
D20 04/25/94 6.9 3.9 6.92 64 0.561 0.087 5.442
81 04/27/94 3.1 8.29 30 0.406 0 2.822
82 04/27/94 3.1 7.97 14 0.262 0.044 2.899
83 04/27/94 4.2 9.14 30 0.422 0 2.895
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WELL At As B Ca Cd Co Cu
D1 06/09/94 <0.07 <0.07 <0.04 18.7 <0.01 <0.03 <0.01
D1 FD 06/09/94 <0.07 <0.07 <0.04 20 <0.01 <0.03 <0.01
D1 DUP LD 06/09/94 <0.07 <0.07 <0.04 20 <0.01 <0.03 <0.01
D3 06/09/94 <0.07 <0.07 <0.04 7.13 <0.01 <0.03 <0.01
D4 06/09/94 0.257 <0.07 <0.04 3.47 <0.01 <0.03 <0.01
0 4  LD 06/09/94 0.273 <0.07 <0.04 3 45 <0.01 <0.03 <0.01
0 5 06/09/94 0.371 <0.07 <0.04 4.16 <0.01 <0.03 <0.01
0 6 06/09/94 <0.07 <0.07 <0.04 18.9 <0.01 <0.03 0.0177
0 7 06/09/94 <0.07 <0.07 <0.04 9.72 <0.01 <0.03 0.0175
0 9 06/06/94 <0 07 <0.07 <0.04 17.4 <0.01 <0,03 <0.01
010 06/06/94 <0.07 <0.07 <0.04 12.3 <0.01 <0.03 <0.01
O i l 06/06/94 <0.07 <0.07 <0.04 17.5 <0.01 <0.03 <0.01
O i l  FO 06/06/94 <0.07 <0.07 <0.04 18.1 <0.01 <0.03 <0.01
012 06/06/94 <0.07 <0.07 <0.04 17 <0.01 <0.03 <0.01
013 06/06/94 <0.07 <0.07 <0.04 17.2 <0.01 <0.03 <0.01
014 06/06/94 <0.07 <0.07 <0.04 16.9 <0.01 <0.03 <0.01
014  LO 06/06/94 <0.07 <0.07 <0.04 16.9 <0.01 <0.03 <0.01
016 06/06/94 <0.07 <0.07 <0.04 16 <0.01 <0.03 <0.01
017 06/06/94 <0.07 <0.07 <0.04 16.4 <0.01 <0.03 0.0328
018 06/06/94 <0.07 <0.07 <0.04 16.6 <0.01 <0.03 <0.01
019 06/06/94 <0.07 <0.07 <0.04 16.9 <0.01 <0.03 <0.01
02 06/06/94 0.208 <0.07 <0.04 34.1 <0.01 <0.03 <0.01
020 06/06/94 <0.07 <0.07 <0.04 17.4 <0.01 <0.03 <0.01
0 20  LO 06/06/94 <0.07 <0.07 <0.04 17.5 <0.01 <0.03 <0.01
021 06/09/94 <0.07 <0.07 <0.04 9.49 <0.01 <0.03 <0.01
FB 06/09/94 <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.01
S19 06/09/94 <0.07 <0.07 <0.04 14 <0.01 <0.03 <0.01
BLANK <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.01
BLANK <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.01
BLANK <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <o .o t
USGS T107 0.228 <0.07 0.138 12.6 0.0167 <0.03 0.0316
USGS T117 0.09 <0.07 0.151 21.6 <0.01 <0.03 <0.01
USGS T117 0.084 <0.07 0.147 22.9 <0.01 <0.03 <0.01
USGS T117 0.086 <0.07 0.161 23.7 <0.01 <0.03 <0.01
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1 4 3
July 12, 1994 Sampling 
Well Date AI As 8 Be Ca Cd Co
D3 07/12/94 <0.07 <0.07 <0.04 <0.0003 7.64 <0.01 <0.03
D5 07/12/94 0.084 <0.07 <0.04 <0.0003 4.82 <0.01 <0.03
D6 07/12/94 <0.07 <0.07 <0.04 <0.0003 20.2 <0.01 <0.03
D7 07/12/94 <0.07 <0.07 <0.04 <0.0003 10.8 <0.01 <0.03
□8 07/12/94 <0.07 <0.07 <0.04 <0.0003 12.3 <0.01 <0.03
09 07/12/94 <0.07 <0.07 <0.04 <0 0003 17.7 <0.01 <0.03
DIO 07/12/94 <0.07 <0.07 <0.04 <0.0003 12.9 <0.01 <0.03
D11 07/12/94 <0.07 <0.07 <0.04 <0.0003 18.3 <0.01 <0.03
D12 07/12/94 <0.07 <0.07 <0.04 <0.0003 16.6 <0.01 <0.03
D13 07/12/94 <0.07 <0.07 <0.04 <0.0003 16.1 <0.01 <0.03
D14 07/12/94 <0.07 <0.07 <0.04 <0.0003 16.6 <0.01 <0.03
DIG 07/12/94 <0.07 <0.07 <0.04 <0.0003 16 <0.01 <0.03
D17 07/12/94 <0.07 <0.07 <0.04 <0.0003 17.1 <0.01 <0.03
DIB 07/12/94 <0.07 <0.07 <0.04 <0.0003 16.1 <0.01 <0.03
D19 07/12/94 <0.07 <0.07 <0.04 <0.0003 16.3 <0.01 <0.03
D20 07/12/94 <0.07 <0.07 <0.04 <0.0003 17.9 <0.01 <0.03
D24 07/12/94 <0.07 <0.07 <0.04 <0.0003 15.3 <0.01 <0.03
BLANK 07/12/94 <0.07 <0.07 <0.04 <0.0003 <0.1 <0.01 <0.03
USGS T117 0.093 <0.07 0.147 0.0046 22.7 <0.01 <0.03
Well □ate Cu Fe Mg Mn Mo Na Ni
D3 07/12/94 <0.01 <0.03 3.31 <0.005 <0.01 3.21 <0.02
D5 07/12/94 <0.01 0.11 1.75 0.011 <0.01 1.98 <0.02
D6 07/12/94 0.0258 <0.03 5.8 <0.005 <0.01 5.31 <0.02
D7 07/12/94 <0.01 <0.03 3.48 <0.005 <0.01 2.94 <0.02
D8 07/12/94 <0.01 0.047 4.16 <0.005 <0.01 3.34 <0.02
D9 07/12/94 <0.01 <0.03 10.4 <0.005 <0.01 3.22 <0.02
DIO 07/12/94 <0.01 <0.03 7.18 <0.005 <0.01 2.41 <0.02
□11 07/12/94 <0.01 <0.03 6.11 <0.005 <0.01 3.43 <0.02
□12 07/12/94 <0.01 <0.03 6.37 <0.005 <0.01 3.52 <0.02
□13 07/12/94 <0.01 <0.03 5.81 <0.005 <0.01 3.3 <0.02
□14 07/12/94 <0.01 <0.03 8.57 <0.005 <0.01 3.39 <0.02
□16 07/12/94 <0.01 <0.03 6.87 <0.005 <0.01 3.51 <0.02
□17 07/12/94 0.016 <0.03 6.02 0.0111 <0.01 3.37 <0.02
□18 07/12/94 <0.01 0.059 6.71 0.0142 <0.01 3.39 <0.02
□19 07/12/94 <0.01 <0.03 6.87 <0.005 <0.01 3.64 <0.02
□20 07/12/94 <0.01 <0.03 6.67 <0.005 <0.01 3.61 <0.02
□24 07/12/94 <0.01 <0.03 8.81 <0.005 <0.01 2.96 <0.02
BLANK 07/12/94 <0.01 <0.03 <0.1 <0.005 <0.01 <0.1 <0.02
USGS T i l 7 <0.01 0.477 10.7 0.2395 0.0106 21.5 <0.02
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July 12, 1994 Sampling 1 4 4
Well Oate P Pb Si Sr Ti Zn K
D3 07/12/94 <0.2 <0.1 6.13 <0.05 <0.05 0.5441 <1.5
D5 07/12/94 <0.2 <0.1 5.52 <0.05 <0.05 0.0316 <1.5
D6 07/12/94 <0.2 <0.1 6.63 <0.05 <0.05 0.0185 1.816
D7 07/12/94 <0.2 <0.1 6.14 <0.05 <0.05 <0.005 <1.5
0 8 07/12/94 <0.2 <0.1 6.66 <0.05 <0.05 0.0339 <1,5
0 9 07/12/94 <0.2 <0.1 6.56 <0.05 <0.05 0.024 <1.5
0 10 07/12/94 <0 2 <0.1 6.37 <0.05 <0.05 0.051 <1.5
O i l 07/12/94 <0.2 <0.1 6.01 <0.05 <0.05 0.0415 1.576
012 07/12/94 <0.2 <0.1 6.56 <0.05 <0.05 0.0377 <1.5
013 07/12/94 <0.2 <0.1 6.12 <0.05 <0.05 0.0393 <1.5
014 07/12/94 <0.2 <0.1 6.68 <0.05 <0.05 0.0494 <1.5
016 07/12/94 <0.2 <0.1 6.54 <0.05 <0.05 0.0838 <1.5
017 07/12/94 <0.2 <0.1 5.86 <0.05 <0.05 0.2502 1.572
018 07/12/94 <0.2 <0.1 6.23 <0.05 <0.05 0.557 <1.5
019 07/12/94 <0.2 <0.1 6.46 <0.05 <0.05 0.0316 <1.5
020 07/12/94 <0.2 <0.1 6.17 <0.05 <0.05 0.0477 <1.5
024 07/12/94 <0.2 <0.1 6.96 <0.05 <0.05 0.0763 <1.5
BLANK 07/12/94 <0.2 <0.1 <0.1 <0.05 <0.05 <0.005 <1.5
USGS T117 0.26 <0.1 5.83 0.2464 <0.05 0.1986 2.415
Well Date T pH 0 .0 . AIK Cl N 0 3 S 0 4
0 3 07/12/94 6.24 5.6 30 0.504 0.084 5.548
0 5 07/12/94 5.43 7.2 18 0.636 0.081 3.423
0 6 07/12/94 7.21 4.4 65 1.024 0.118 10.73
07 07/12/94 6.15 2.8 38 0.584 0.078 4.49
0 8 07/12/94 6.12 7.2 42 1.183 0.136 6.022
0 9 07/12/94 6.78 8.9 78 0.553 0.146 5.746
010 07/12/94 6.36 10.4 54 0.649 0.054 4.75
011 07/12/94 6.53 2.9 64 0.636 0.064 5.082
012 07/12/94 6.46 4.8 61 0.975 0.157 6.442
013 07/12/94 6.25 4.6 58 0.806 0.114 5.648
014 07/12/94 6.77 6.4 70 0.846 0.179 6.131
016 07/12/94 6.59 5.7 62 0.882 0.202 5.793
0 17 07/12/94 6.72 3.4 57 0.724 0.1 4.713
018 07/12/94 6.37 4.7 62 0.853 0.177 5.79
0 19 07/12/94 6.61 5.7 63 1.051 0.201 5.703
0 20 07/12/94 6.75 4.1 66 0.73 0.101 5.144
0 24 07/12/94 6.6 10 66 0.511 0.153 4.847
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June 6, 1994 Sampling
WELL Fe Mg Mn Mo Na Ni P
D1 06/09/94 <0.03 5.9 <0.005 <0.01 3.94 <0.02 <0.2
01 FD 06/09/94 <0.03 5.98 <0.005 <0.01 3.77 <0.02 <0.2
01 OUP LD 06/09/94 <0.03 5.93 <0.005 <0.01 3.87 <0.02 <0.2
03 06/09/94 0.035 3.28 <0.005 <0.01 3.13 <0.02 <0.2
04 06/09/94 0.118 1.38 <0.005 <0.01 1.54 <0.02 <0.2
0 4  LO 06/09/94 0.118 1.36 <0.005 <0.01 1.52 <0.02 <0.2
05 06/09/94 0.192 1.6 <0.005 <0.01 1.77 <0.02 <0.2
06 06/09/94 <0.03 5.82 <0.005 <0.01 5.34 <0.02 <0.2
07 06/09/94 0.036 3.4 <0.005 <0.01 2.81 <0.02 <0.2
09 06/06/94 0.045 10.5 <0.005 <0.01 3 <0.02 <0.2
010 06/06/94 <0.03 7.01 <0.005 <0.01 2.17 <0.02 <0.2
O i l 06/06/94 <0.03 5.98 <0.005 <0.01 3.29 <0.02 <0.2
O i l  FD 06/06/94 <0.03 6.09 <0.005 <0.01 3.3 <0.02 <0.2
012 06/06/94 0.074 6.49 <0.005 <0.01 3.45 <0.02 <0.2
013 06/06/94 <0.03 6.1 <0.005 <0.01 3.26 <0.02 <0.2
014 06/06/94 <0.03 8.8 <0.005 <0.01 3.34 <0.02 <0.2
014  LD 06/06/94 <0.03 8.75 <0.005 <0.01 3.41 <0.02 <0.2
D16 06/06/94 <0.03 7.04 <0.005 <0.01 3.35 <0.02 < 0 2
D17 06/06/94 <0.03 6.03 0.0065 <0.01 3.15 <0.02 <0.2
D18 06/06/94 0.099 6.88 0.0222 <0.01 3.42 <0.02 <0.2
D19 06/06/94 <0.03 7.23 <0.005 <0.01 3.51 <0.02 <0.2
D2 06/06/94 3.34 7.11 0.3923 <0.01 16.9 <0.02 <0.2
D20 06/06/94 <0.03 6.75 <0.005 <0.01 3.39 <0.02 <0.2
D20 LD 06/06/94 <0.03 6.74 <0.005 <0.01 3.47 <0.02 <0.2
D21 06/09/94 0.301 3.27 0.0159 <0.01 3.05 <0.02 <0.2
FB 06/09/94 <0.03 <0.1 <0.005 <0.01 <0.1 <0.02 <0.2
819 06/09/94 0.078 4.77 0.007 <0.01 2.64 <0.02 <0.2
BLANK <0.03 <0.1 <0.005 <0.01 <0.1 <0.02 <0.2
BLANK <0.03 <0.1 <0.005 <0.01 <0.1 <0.02 <0.2
BLANK <0.03 <0.1 <0.005 <0.01 <0.1 <0.02 <0.2
USGS T107 0.049 2.26 0.0508 0.0144 22.1 0.034 <0.2
USGS T I 17 0.466 10.7 0.2332 0.0102 22.6 <0.02 0.25
USGS T I 17 0.48 10.8 0.2396 0.0103 21 <0.02 0.29
USGS T I 17 0.494 11.2 0.247 0.0113 21.6 <0.02 0.28
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June 6, 1994 Sampling 
WELL Pb Si Sr Ti Zn K
D1 06/09/94 <0.1 6.4 <0.05 <0.05 0.0812 <1.5
D1 FD 06/09/94 <0.1 6.43 <0.05 <0.05 0.025 1.837
D1 DUP LD 06/09/94 <0.1 6.44 <0,05 <0.05 0.0256 1.642
D3 06/09/94 <0.1 6.19 <0.05 <0.05 0.486 <1.5
D4 06/09/94 <0.1 5.66 <0.05 <0.05 0.0725 <1.5
D4 LD 06/09/94 <0.1 5.55 <0.05 <0.05 0.0656 <1.5
D5 06/09/94 <0.1 6.21 <0.05 <0.05 0.0381 <1.5
D6 06/09/94 <0.1 6.88 <0.05 <0.05 0.027 <1.5
D7 06/09/94 <0.1 6.14 <0.05 <0.05 <0.005 <1.5
D9 06/06/94 <0.1 6.5 <0.05 <0.05 0.0774 <1.5
DIO 06/06/94 <0.1 6.58 <0.05 <0.05 0.0514 <1.5
D l l 06/06/94 <0.1 5.7 <0.05 <0.05 0.0283 <1.5
D l l  FD 06/06/94 <0.1 5.79 <0.05 <0.05 0.0362 1.822
D12 06/06/94 <0.1 6.4 <0.05 <0.05 0.0983 1.586
D13 06/06/94 <0.1 6.34 <0.05 <0.05 0.0115 1.898
D14 06/06/94 <0.1 6.74 <0.05 <0.05 0.0557 <1.5
D14 LD 06/06/94 <0.1 6.73 <0.05 <0.05 0.0555 <1.5
DIG 06/06/94 <0.1 6.45 <0.05 <0.05 0.0697 <1.5
D17 06/06/94 <0.1 5.84 <0.05 <0.05 0.1529 <1.5
D18 06/06/94 <0.1 6.4 <0.05 <0.05 0.8437 1.678
D19 06/06/94 <0.1 6.46 <0.05 <0.05 0.0362 1.581
D2 06/06/94 <0.1 21 0.0916 <0.05 1.944 4.165
D20 06/06/94 <0.1 5.91 <0.05 <0.05 0.1003 <1.5
D20 LD 06/06/94 <0.1 5.93 <0.05 <0.05 0.1005 <1.5
D21 06/09/94 <0.1 5.76 <0.05 <0.05 0.3411 <1.5
FB 06/09/94 <0.1 <0.1 <0.05 <0.05 <0.005 <1.5
819 06/09/94 <0.1 5.28 <0.05 <0.05 0.006 1.545
BLANK <0.1 <0.1 <0.05 <0.05 <0.005 <1.5
BLANK <0.1 <0.1 <0.05 <0.05 <0.005 <1.5
BLANK <0.1 <0.1 <0.05 <0.05 <0.005 <1.5
USGS T107 <0.1 3.92 0.0573 <0.05 0.0864 <1.5
USGS T117 <0.1 6.05 0.2486 <0.05 0.1954 2.113
USGS T117 <0.1 5.87 0.2461 <0.05 0.199 2.65
USGS T i l 7 <0.1 6.09 0.2528 <0.05 0.2068 2.963
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June 6, 1994 Sampling
WELL T pH D O . ALK Cl N 0 3 3 0 4
D1 06/09/94 8.3 6.78 3.4 58 0.609 0.077 5.349
D1 FD 06/09/94 0.63 0.086 5.589
D1 DUP LD 06/09/94 62 0.605 0.088 5.553
D3 06/09/94 5.5 6.32 6.8 26 0.375 0.083 5.666
D4 06/09/94 6.7 6.69 7.2 14 0.382 0.047 2.903
D4 LD 06/09/94
D5 06/09/94 6.9 5.47 7.2 14 0.747 0.083 3.133
D6 06/09/94 7.5 7.36 3.9 54 0.948 0.107 10.572
D7 06/09/94 5.5 6.55 3 32 0.512 0.068 4.49
D9 06/06/94 6.4 7.35 8.6 72 0.459 0.127 5.587
DIO 06/06/94 6.2 6.72 10.4 47 1.106 0.081 4.537
D l l 06/06/94 5.8 6.99 4.6 63 0.613 0.063 5.252
D l l  FD 06/06/94 62 0.564 0.061 5.185
D12 06/06/94 8.5 6.6 4.4 62 0.837 0.125 6.098
D13 06/06/94 7.2 6.84 5.6 56 0.796 0.138 5.873
D14 06/06/94 7.9 7 5.5 62 0.852 0.197 6.306
D14 LD 06/06/94
D16 06/06/94 7.5 6.54 4.8 63 0.86 0.18 5.835
D17 06/06/94 8 6.9 4.5 60 0.627 0.095 4.926
D18 06/06/94 8 2 6.64 4.7 66 0.798 0.157 5.792
D19 06/06/94 6.8 6.5 5 60 1.12 0.195 5.695
D2 06/06/94 6.6 5.8 0.1 9 1.204
D20 06/06/94 7.4 7 3.8 64 0.654 0.075 5.163
D20 LD 06/06/94
D21 06/09/94 5.7 6.04 3.6 32 0.516 0.076 5.14
FB 06/09/94 3
819 06/09/94 13.1 7.34 50 0.306 bdl 2.186
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May 23, 1994 Monitoring Well Sampling 
WELL DATE AI As B Ca Cd Co Cu
M l OS/23/94 <0.07 <0.07 <0.04 14.1 <0.01 <0.03 <0.01
M2 OS/23/94 <0.07 <0.07 <0.04 10.5 <0.01 <0.03 <0.01
M3 OS/23/94 <0.07 <0.07 <0.04 11.1 <0.01 <0.03 <0,01
M4 OS/23/94 <0.07 <0.07 <0.04 12.2 <0.01 <0.03 <0.01
MS OS/23/94 <0.07 <0.07 <0.04 13.9 <0.01 <0.03 <0.01
M6 OS/23/94 <0.07 <0.07 <0.04 18.4 <0.01 <0.03 <0.01
M7 OS/23/94 <0.07 <0.07 <0.04 21 <0.01 <0.03 <0.01
M8 OS/23/94 <0.07 <0.07 <0.04 18.7 <0.01 <0.03 <0.01
M9 OS/23/94 <0.07 <0.07 <0.04 13.3 <0.01 <0.03 <0.01
M10 OS/23/94 <0.07 <0.07 <0.04 13.6 <0.01 <0.03 <0.01
M10 FD OS/23/94 <0.07 <0.07 <0.04 13.3 <0.01 <0.03 <0.01
M10 LD OS/23/94 <0.07 <0.07 <0.04 13.2 <0.01 <0.03 <0.01
FB 05/23/94 <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.01
810 OS/23/94 <0.07 <0.07 <0.04 9.99 <0.01 <0.03 <0.01
821 05/23/94 <0.07 <0.07 <0.04 22.1 <0.01 <0.03 <0.01
BLANK <0.07 <0.07 <0.04 0.106 <0.01 <0.03 <0.01
BLANK <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.01
U8G S T I 117 0.081 <0.07 0.148 22.9 <0.01 <0.03 <0.01
WELL DATE Fe Mg Mn Mo Na Ni p
M l 05/23/94 0.647 4.46 0.2931 <0.01 2.52 <0.02 <0.2
M2 05/23/94 <0.03 3.53 <0.005 <0.01 2.22 <0.02 <0.2
M3 05/23/94 0.393 3.42 0.2689 <0.01 1.93 <0.02 <0.2
M4 05/23/94 0.139 4 0.0226 <0.01 2.37 <0.02 <0.2
MS 05/23/94 0.478 4 8 0.0712 <0.01 2.55 <0.02 <0.2
M6 05/23/94 12.1 6.16 0.4637 0.0175 4.48 <0.02 0.21
M7 05/23/94 4.03 5.94 1.214 <0.01 2.6 <0.02 0.24
M8 05/23/94 12.3 6.22 0.4702 0.017 4.5 <0.02 0.22
M9 05/23/94 <0.03 4.61 0.0092 <0.01 2.69 <0.02 <0.2
M10 05/23/94 0.104 4.49 0.1246 <0.01 2.38 <0.02 <0.2
M 10F D 05/23/94 0.095 4.46 0.1184 <0.01 2.38 <0.02 <0.2
M 10LD 05/23/94 0.092 4.4 0.1189 <0.01 2.42 <0.02 < 0 2
FB 05/23/94 <0.03 <0.1 <0.005 <0.01 <0.1 <0.02 <0.2
810 05/23/94 0.036 3.13 <0.005 <0.01 1.91 <0.02 <0.2
821 05/23/94 <0.03 10 <0.005 <0.01 3.58 <0.02 <0.2
BLANK <0.03 <0.1 <0.005 <0.01 <0.1 <0.02 <0.2
BLANK <0.03 <0.1 <0.005 <0.01 <0.1 <0.02 <0.2
U 8G 8 T1 117 0.492 10.8 0.2398 0.0102 21 <0.02 0.3
1 4 8
Table D2: Monitoring well chemical data.
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May 23, 1994 Monitoring Well Sampling
WELL DATE Pb Si Sr Ti
M l 05/23/94 <0.1 7.65 <0.05 <0.05
M2 05/23/94 <0.1 6.22 <0.05 <0.05
M3 05/23/94 <0.1 6.2 <0.05 <0.05
M4 05/23/94 <0.1 6.46 <0.05 <0.05
M5 05/23/94 <0.1 7.57 <0.05 <0.05
M6 05/23/94 <0.1 9.2 <0.05 <0.05
M7 05/23/94 <0.1 9.33 <0.05 <0.05
M8 05/23/94 <0.1 9.31 <0.05 <0.05
M9 05/23/94 <0.1 6.03 <0.05 <0.05
M10 05/23/94 <0.1 6.24 <0.05 <0.05
M10 FD 05/23/94 <0.1 6.2 <0.05 <0.05
M10 LD 05/23/94 <0.1 6.16 <0.05 <0.05
FB 05/23/94 <0.1 <0.1 <0.05 <0.05
310 05/23/94 <0.1 5.15 <0.05 <0.05
821 05/23/94 <0.1 5.84 <0.05 <0.05
BLANK <0.1 <0.1 <0.05 <0.05
BLANK <0.1 <0.1 <0.05 <0.05
USGS T i l  17 <0.1 5.85 0.2454 <0.05
WELL DATE pH D.O. T Aik
M l 05/23/94 6.54 0.6 10.4 42
M2 05/23/94 6.35 1.4 10.4 44
M3 05/23/94 6.44 0.9 9.9 38
M4 05/23/94 6.36 0.5 9.8 40
M5 05/23/94 6.21 1.1 11.1 48
M7 05/23/94 6.35 0.1 13.5 66
M8 05/23/94 6.23 0.2 11.3 82
M9 05/23/94 6.64 1.4 10 48
M10 05/23/94 6.38 0.2 12.1 46
M 10F D 05/23/94 52
FB 05/23/94 <1.0
S10 05/23/94 7.54 9.7 42
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1 5 0
June 13, 1994 Monitoring Well Sampling
WELL DATE AI As B Ca Cd Co Cu
M l 06/13/94 <0.07 <0.07 <0.04 12.2 <0.01 <0.03 <0.01
M2 06/13/94 <0.07 <0.07 <0.04 10.8 <0.01 <0.03 <0.01
M3 06/13/94 <0.07 <0.07 <0.04 10.1 <0.01 <0.03 <0.01
M4 06/13/94 <0.07 <0.07 <0.04 12.5 <0.01 <0.03 <0.01
M4 LD 06/13/94 <0.07 <0.07 <0.04 12.8 <0.01 <0.03 <0.01
MS 06/13/94 <0.07 <0.07 <0.04 14.6 <0.01 <0.03 <0.01
M6 06/13/94 0.219 <0.07 <0.04 8.24 <0.01 <0.03 <0.01
M7 06/13/94 <0.07 <0.07 <0.04 15.9 <0.01 <0.03 <0.01
M8 06/13/94 <0.07 <0.07 <0.04 20.2 <0.01 <0.03 <0.01
M9 06/13/94 <0.07 <0.07 <0.04 19.9 <0.01 <0.03 <0.01
M10 06/13/94 <0.07 <0.07 <0.04 10.9 <0.01 <0.03 <0.01
M i l 06/13/94 <0.07 <0.07 <0.04 19.6 <0.01 <0.03 <0.01
FB 06/13/94 <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.01
S3 06/13/94 <0.07 <0.07 <0.04 13.3 <0.01 <0.03 <0.01
S3 LD 06/13/94 <0.07 <0.07 <0.04 13.9 <0.01 <0.03 <0.01
S4 06/13/94 <0.07 <0.07 <0.04 34 <0.01 <0.03 <0.01
S10 06/13/94 <0.07 <0.07 <0.04 13.2 <0.01 <0.03 <0.01
S 10D U P 06/13/94 <0.07 <0.07 <0.04 13.6 <0.01 <0.03 <0.01
S 10L D 06/13/94 <0.07 <0.07 <0.04 13.9 <0.01 <0.03 <0.01
S21 06/13/94 <0.07 <0.07 <0.04 19.8 <0.01 <0.03 <0.01
S22 06/13/94 <0.07 <0.07 <0.04 13.7 <0.01 <0.03 <0.01
BLANK <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.01
BLANK <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.01
USGS T107 0.231 <0.07 0.114 12.1 0.016 <0.03 0.0294
USGS T107 0.236 <0.07 0.155 12.3 0.017 <0.03 0.0331
USGS T i l 7 0.079 <0.07 0.19 22.9 <0.01 <0.03 <0.01
USGS T117 0.084 <0.07 0.153 21.8 <0.01 <0.03 <0.01
USGS T117 0.078 <0.07 0.133 23.3 <0.01 <0.03 <0.01
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June 13, 1994 Monitoring Well Sampling
WELL DATE Fe Mg Mn Mo Na Ni P
M1 06/13/94 0.803 4.03 0.1418 <0.01 2.45 <0.02 <0.2
M2 06/13/94 <0.03 3.65 <0.005 <0.01 2.11 <0.02 <0.2
M3 06/13/94 0.685 3.27 0.2095 <0.01 1.78 <0.02 <0.2
M4 06/13/94 0.14 4.3 0.0086 <0.01 2.5 <0.02 <0.2
M4 LD 06/13/94 0.128 4.19 0.0079 <0.01 2.36 <0.02 <0.2
M5 06/13/94 0.897 5.02 0,069 <0.01 2.54 <0.02 <0.2
M6 06/13/94 0.63 2.67 0.0665 <0.01 1.36 <0.02 <0.2
M7 06/13/94 2.39 4.88 0.7342 <0.01 2.57 <0.02 <0.2
M8 06/13/94 13.6 7.09 0.5279 0.0203 5.48 <0.02 <0.2
M9 06/13/94 1.15 6.86 0.2933 <0.01 3.01 <0.02 <0.2
M10 06/13/94 0.197 3.75 0.1196 <0.01 2.28 <0.02 <0.2
M11 06/13/94 3.51 5.91 1.032 <0.01 2.71 <0.02 <0.2
FB 06/13/94 <0.03 <0.1 <0.005 <0.01 <0.1 <0.02 <0.2
S3 06/13/94 <0.03 4.21 <0.005 <0.01 2.43 <0.02 <0.2
S3 LD 06/13/94 <0.03 4.16 <0.005 <0.01 2.32 <0.02 <0,2
S4 06/13/94 <0.03 16.3 <0.005 <0.01 4.06 <0.02 <0.2
S10 06/13/94 <0.03 4.23 <0.005 <0.01 2.42 <0.02 <0.2
S10 DUP 06/13/94 <0.03 4.27 <0.005 <0.01 2.44 <0.02 <0.2
S 10LD 06/13/94 <0.03 4.18 <0.005 <0.01 2.3 <0.02 <0.2
S21 06/13/94 <0.03 9.07 <0.005 <0.01 3.61 <0.02 <0.2
S22 06/13/94 <0.03 4.32 <0.005 <0.01 2.43 <0.02 <0.2
BLANK <0.03 <0.1 <0.005 <0.01 <0.1 <0.02 <0.2
BLANK <0.03 <0.1 <0.005 <0.01 <0.1 <0.02 <0.2
USGS T107 0.051 2.27 0.049 0.0142 22.7 0.029 <0.2
USGS T107 0.05 2.27 0.0505 0.0147 23.2 0.03 <0.2
USGS T117 0.486 11.3 0.2439 0.0103 22.7 <0.02 0.3
USGS T117 0.475 10.8 0.2359 <0.01 22.7 <0.02 0.23
USGS T 1 17 0.492 11.1 0.2428 0.0119 21.4 <0.02 0.23
1 5 1
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June 13, 1994 Monitoring Well Sampling
WELL DATE Pb Si Sr Ti Zn K
M l 06/13/94 <0.1 7.99 <0.05 <0.05 <0.005 1.508
M2 06/13/94 <0.1 6.76 <0.05 <0.05 <0.005 1.675
M3 06/13/94 <0.1 5.85 <0.05 <0.05 <0.005 <1.5
M4 06/13/94 <0.1 6.76 <0.05 <0.05 <0.005 <1.5
M4 LD 06/13/94 <0.1 6.37 <0.05 <0.05 <0.005 <1.5
M5 06/13/94 <0.1 8.09 <0.05 <0.05 <0.005 2.108
M6 06/13/94 <0.1 7.2 <0.05 <0.05 0,018 3.506
M7 06/13/94 <0.1 10.5 <0.05 <0.05 <0.005 2.291
M8 06/13/94 <0.1 10.8 <0.05 <0.05 <0.005 <1.5
M9 06/13/94 <0.1 7.31 <0.05 <0.05 <0.005 1.618
M10 06/13/94 <0.1 6.98 <0.05 <0.05 <0.005 <1.5
M11 06/13/94 <0.1 10.8 <0.05 <0.05 <0.005 2.525
FB 06/13/94 <0.1 <0.1 <0.05 <0.05 <0.005 <1.5
S3 06/13/94 <0.1 5.26 <0.05 <0.05 0.032 <1.5
S3 LD 06/13/94 <0.1 5.06 <0.05 <0.05 0.032 <1.5
S4 06/13/94 <0.1 7.68 0.0943 <0.05 <0.005 <1.5
S10 06/13/94 <0.1 5.19 <0.05 <0.05 0.005 <1.5
S10 DUP 06/13/94 <0.1 5.26 <0.05 <0.05 <0.005 <1.5
S10 LD 06/13/94 <0,1 4.97 <0.05 <0.05 <0.005 <1.5
S21 06/13/94 <0.1 5.95 <0.05 <0.05 0.006 <1.5
S22 06/13/94 <0.1 5.27 <0.05 <0.05 <0.005 <1.5
BLANK <0.1 <0.1 <0.05 <0.05 <0.005 <1.5
BLANK <0.1 <0.1 <0.05 <0.05 <0.005 <1.5
USGS T107 <0.1 1.97 0.0562 <0.05 0.085 <1.5
USGS T107 <0.1 4.09 0.0579 <0.05 0.087 <1.5
USGS T i l 7 <0.1 6.37 0.2556 <0.05 0.206 2.797
USGS T i l 7 <0.1 6.11 0.2512 <0.05 0.197 2.212
USGS T117 <0.1 3 0.2514 <0.05 0.202 2.368
1 5 2
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June 13, 1994 Monitoring Well Sampling 153
WELL DATE pH T D.O. Aik Cl N 0 3 S 0 4 NH4
M1 06/13/94 6.8 12.2 0.8 42 0.333 0.013 1.968 0.01
M2 06/13/94 6.94 12.1 5.1 36 0.287 0.003 2.293 0.0036
M3 06/13/94 6.84 11.9 1.4 36 0.197 0.01 1.081 0.03
M4 06/13/94 6.89 10.8 0,5 42 0.339 0.004 2.403 0.01
M4 LD 06/13/94
MS 06/13/94 6.79 11.8 0.4 53 0.434 0.034 0.334 0.03
M6 06/13/94 6.62 12 2.5 28 0.035 0.08
M7 06/13/94 6.75 13.8 2.5 50 0.856 0.081 4.657 0.03
M8 06/13/94 6.72 11.8 0.4 84 0.9 0.102 0 0.12
M9 06/13/94 7.06 11.7 0.3 64 0.56 0.014 2.252 0.002
M10 06/13/94 6.97 12.4 1.3 38 0.25 0.031 1.514 0.008
M i l 06/13/94 60 0.827 0.082 3.961 0.04
FB 06/13/94 0 0 0 0 0.004
S3 06/13/94 8.69 11.6 46 0.553 0.006 2.946 0
S3 LD 06/13/94
S4 06/13/94 8.53 6.9 126 0.859 0.23 6.377 0
S10 06/13/94 8.6 12.2 44 0.479 0.004 2.895 0
S10 DUP 06/13/94 44 0.473 0.004 2.899 0
S10 LD 06/13/94
S21 06/13/94 7.8 10 78 0.868 0.033 5.237 0
S22 06/13/94 8.65 12.2 48 0.369 0.006 2.9 0
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July 11, 1994 Monitoring Well Sampling 
Well Date AI As B Be Ca Cd Co
M3 07/11/94 <0.07 <0.07 <0.04 <0.0003 15.7 <0.01 <0.03
M4 07/11/94 <0.07 <0.07 <0.04 <0.0003 15.8 <0.01 <0.03
M5 07/11/94 <0.07 <0.07 <0.04 <0.0003 16.8 <0.01 <0.03
MS LD 07/11/94 <0.07 <0.07 <0.04 <0.0003 16.5 <0.01 <0.03
M8 07/11/94 <0.07 <0.07 <0.04 <0.0003 16.6 <0.01 <0.03
M9 07/11/94 <0.07 <0.07 <0.04 <0.0003 16.9 <0.01 <0.03
M10 07/11/94 <0.07 <0.07 <0.04 <0.0003 15 <0.01 <0.03
M i l 07/11/94 <0.07 <0.07 <0.04 <0.0003 14.9 <0.01 <0.03
M12 07/11/94 <0.07 <0.07 <0.04 <0.0003 21,2 <0.01 <0.03
M13 07/11/94 <0.07 <0.07 <0.04 <0.0003 19.4 <0.01 <0.03
M14 07/11/94 <0.07 <0.07 <0.04 <0.0003 15.5 <0.01 <0.03
M IS 07/11/94 <0.07 <0.07 <0.04 <0.0003 18.5 <0.01 <0.03
M16 07/11/94 <0.07 <0.07 <0.04 <0.0003 19.1 <0.01 <0.03
M17 07/11/94 <0.07 <0.07 <0.04 <0.0003 25.8 <0.01 <0.03
M18 07/11/94 <0.07 <0.07 <0.04 <0.0003 <0.1 <0.01 <0.03
81 07/11/94 <0.07 <0.07 <0.04 <0.0003 20.1 <0.01 <0.03
82 07/11/94 <0.07 <0.07 <0.04 <0.0003 3.13 <0.01 <0.03
83 07/11/94 <0.07 <0.07 <0.04 <0.0003 18.4 <0.01 <0.03
85 07/11/94 <0.07 <0.07 <0.04 <0.0003 21.4 <0.01 <0.03
810 07/11/94 <0.07 <0.07 <0.04 <0.0003 18.7 <0.01 <0.03
821 07/11/94 <0.07 <0.07 <0.04 <0.0003 21.2 <0.01 <0.03
822 07/11/94 <0.07 <0.07 <0.04 <0.0003 18.4 <0.01 <0.03
BLANK 07/11/94 <0.07 <0.07 <0.04 <0.0003 <0.1 <0.01 <0.03
U8G S T I 07/11/94 0.088 <0.07 0.149 0.0046 23 <0.01 <0.03
July 11, 1994 Monitoring Well 
Well Date Cu
Sampling 
Fe Mg Mn Mo Na Ni
M3 07/11/94 <0.01 1.1S 4.86 0.2809 <0.01 2.58 <0.02
M4 07/11/94 <0.01 0.111 5.19 0.00S2 <0.01 2.93 <0.02
MS 07/11/94 <0.01 1.13 S.S3 0.06S4 <0.01 2.95 <0.02
MS LD 07/11/94 <0.01 1.1 5.S2 0.0652 <0.01 2.98 <0.02
M8 07/11/94 <0.01 10.S S.S 0.4194 0.014 4.53 <0.02
M9 07/11/94 <0.01 0.612 S.71 0.1022 <0.01 3.02 <0.02
MIG 07/11/94 <0.01 0.2S2 S.06 0.0821 <0.01 2.9 <0.02
M i l 07/11/94 <0.01 0.2S1 S.03 0.084 <0.01 2.9 <0.02
M12 07/11/94 <0.01 0.3S 7.19 0.6848 <0.01 3.54 <0.02
M13 07/11/94 <0.01 1.S3 6.48 0.1969 <0.01 3.32 <0.02
M14 07/11/94 <0.01 1.7 S.53 0.1746 <0.01 3.38 <0.02
M IS 07/11/94 <0.01 <0.03 7.64 0.0074 <0.01 3.53 <0.02
M16 07/11/94 <0.01 4.44 7.2S 0.1475 <0.01 3.99 <0.02
M17 07/11/94 <0.01 2.S 10.4 0.1513 <0.01 4.09 <0.02
M18 07/11/94 <0.01 <0.03 <0.1 <0.005 <0.01 <0.1 <0.02
81 07/11/94 <0.01 <0.03 S.89 <0.005 <0.01 3.04 <0.02
82 07/11/94 <0.01 <0.03 1.33 <0.005 <0.01 1.44 <0.02
83 07/11/94 <0.01 <0.03 S.49 <0.005 <0.01 2.9 <0.02
SS 07/11/94 <0.01 <0.03 9.8 <0.005 <0.01 3.59 <0.02
810 07/11/94 <0.01 <0,03 S.S4 <0.005 <0.01 2.96 <0.02
821 07/11/94 <0.01 <0.03 9.29 <0.005 <0.01 3.53 <0.02
822 07/11/94 <0.01 <0.03 5.S7 <0.005 <0.01 2.96 <0.02
BLANK 07/11/94 <0.01 <0.03 <0.1 <0.005 <0.01 <0.1 <0.02
U 8 G 8  T I 07/11/94 <0.01 0.487 10.7 0.2409 0.012 21.2 <0.02
1 5 4
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July 11, 1994 Monitoring Well Sampling 1 5 5
Well Date P Pb 8i 8r Ti Zn K
M3 07/11/94 <0.2 <0.1 6.3 <0.05 <0.05 <0.005 1.545
M4 07/11/94 <0.2 <0.1 6.26 <0.05 <0.05 <0.005 <1.5
M5 07/11/94 <0.2 <0.1 7.4 <0.05 <0.05 <0.005 2.205
M5 LD 07/11/94 <0.2 <0.1 7.34 <0.05 <0.05 <0.005 1.914
M8 07/11/94 0.23 <0.1 9.63 <0.05 <0.05 <0.005 <1.5
M9 07/11/94 <0.2 <0.1 6.37 <0.05 <0.05 <0.005 <1.5
M10 07/11/94 <0.2 <0.1 6.66 <0.05 <0.05 <0.005 <1.5
M i l 07/11/94 <0.2 <0.1 6.62 <0.05 <0.05 <0.005 <1.5
M12 07/11/94 <0.2 <0.1 6.96 <0.05 <0.05 <0.005 2.62
M13 07/11/94 <0.2 <0.1 7.35 <0.05 <0.05 <0.005 1.699
M14 07/11/94 <0.2 <0.1 6.44 <0.05 <0.05 <0.005 2.272
M15 07/11/94 <0.2 <0.1 6.73 <0.05 <0.05 <0.005 1.525
M16 07/11/94 <0.2 <0.1 7.47 <0.05 <0.05 <0.005 1.96
M17 07/11/94 <0.2 <0.1 7.65 0.0535 <0.05 <0.005 <1.5
M18 07/11/94 <0.2 <0.1 <0.1 <0.05 <0.05 <0.005 <1.5
81 07/11/94 <0.2 <0.1 4.86 <0.05 <0.05 <0.005 1.53
82 07/11/94 <0.2 <0.1 4.65 <0.05 <0.05 0.0052 <1.5
83 07/11/94 <0.2 <0.1 4.61 <0.05 <0.05 0.0054 <1.5
85 07/11/94 <0.2 <0.1 5.57 <0.05 <0.05 0.0069 <1.5
810 07/11/94 <0.2 <0.1 4.56 <0.05 <0.05 <0.005 1.586
821 07/11/94 <0.2 <0.1 5.63 <0.05 <0.05 <0.005 1.525
822 07/11/94 <0.2 <0.1 4.52 <0.05 <0.05 <0.005 <1.5
BLANK 07/11/94 <0.2 <0.1 <0.1 <0.05 <0.05 <0.005 <1.5
U 8G 8 T I 07/11/94 0.29 <0.1 5.85 0.2459 <0.05 0.2002 2.584
July 11, 1994 Monitoring Well Sampling
Well Date T D.O. pH ALK Cl N 0 3 8 0 4 NH4
M3 07/11/94 14.2 0.6 6.54 56 0.376 0.018 2.31 0.035
M4 07/11/94 13.3 0.8 6.73 57 0.568 0.006 3.278 <0.01
MS 07/11/94 15.9 6.52 62 0.519 0.018 0.375 0.1
M8 07/11/94 13.7 0.2 6.51 75 0.777 0.099 <0.6 0.11
M9 07/11/94 12.6 0.1 6.61 61 0.592 0.011 3.241 <0.01
M IC 07/11/94 13.9 0.7 6.58 54 0.599 0.009 3.5 <0.01
M i l 07/11/94 55 0.537 0.01 3.434 0.01
M12 07/11/94 11 2.2 6.95 75 1.318 0.049 4.148 0.02
M13 07/11/94 12.3 2 6.58 71 0.879 0.021 1.863 0.1
M14 07/11/94 10.8 0.8 6.66 59 1.126 0.051 4.404 0.04
M15 07/11/94 10.6 2.9 6.59 67 0.898 0.063 5.051 <0.01
M16 07/11/94 11.2 0.7 6.2 80 1.248 0.075 3.253 0.04
M17 07/11/94 12.5 0.4 6.47 105 0.797 0.024 2.893 <0.01
81 07/11/94 18.3 8.77 67 0.609 0.005 3.463
82 07/11/94 13.9 7.26 14 0.375 0.013 3.178
83 07/11/94 18 9.11 64 0.525 0.004 3.463
85 07/11/94 15 7.9 83 1.039 0.043 5.909
810 07/11/94 17.8 8.55 62 0.519 0.004 3.384
821 07/11/94 15.2 7.76 81 0.977 0.029 5.713
822 07/11/94 18.8 8.6 64 0.496 0.006 3.447
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August 24, 1994 Monitoring Well Sampling 
WELL DATE AI As 8 Ca Cd Co Cr
M3 08/24/94 <0.07 <0.07 <0.04 17.3 <0.01 <0.03 <0.08
M8 08/24/94 <0.07 <0.07 <0.04 14 1 <0.01 <0.03 <0.08
M9 08/24/94 <0.07 <0.07 <0.04 17.7 <0.01 <0.03 <0.08
M i l 08/24/94 <0.07 <0.07 <0.04 17.6 <0.01 <0.03 <0.08
M12 08/24/94 <0.07 <0.07 <0.04 18.9 <0.01 <0.03 <0.08
M14 08/24/94 <0.07 <0.07 <0.04 16.2 <0.01 <0.03 <0.08
M15 08/24/94 <0.07 <0.07 <0.04 18.8 <0.01 <0.03 <0.08
M16 08/24/94 <0.07 <0.07 <0.04 18.4 <0.01 <0.03 <0.08
M17 08/24/94 <0.07 <0.07 <0.04 32.8 <0.01 <0.03 <0.08
81 08/24/94 <0.07 <0.07 <0.04 22.8 <0.01 <0.03 <0.08
82 08/24/94 <0.07 <0.07 <0.04 3.49 <0.01 <0.03 <0.08
83 08/24/94 <0.07 <0.07 <0,04 19.7 <0.01 <0.03 <0.08
85 08/24/94 <0.07 <0.07 <0.04 22-4 <0.01 <0.03 <0.08
810 08/24/94 <0.07 <0.07 <0.04 19.2 <0.01 <0.03 <0.08
821 08/24/94 <0.07 <0.07 <0.04 21.3 <0.01 <0.03 <0.08
822 08/24/94 <0.07 <0.07 <0.04 20 <0.01 <0.03 <0.08
FB 08/24/94 <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.08
BLANK <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.08
BLANK <0.07 <0.07 <0.04 <0.1 <0.01 <0.03 <0.08
U8G S T107 0.256 <0.07 0.135 12.6 0.017 <0.03 <0.08
U8G S T i l 7 0.099 <0.07 0.144 21.9 <0.01 <0.03 <0.08
USGS T i l 7 0.111 <0.07 0.146 22.6 <0.01 <0.03 <0.08
WELL DATE Cu Fe Mg Mn Mo Na Ni
M3 08/24/94 <0.01 1.06 5.4 0.2358 <0.01 3.37 <0.02
M8 08/24/94 <0.01 8.15 4.67 0.3581 0.011 3.77 <0.02
M9 08/24/94 <0.01 0.414 5.93 0.0629 <0.01 3.36 <0.02
M i l 08/24/94 <0.01 0.497 5.94 0.0748 <0.01 3.39 <0.02
M12 08/24/94 <0.01 0.702 6.61 0.3981 <0.01 3.59 <0.02
M14 08/24/94 <0.01 1.24 6 0.096 <0.01 3.56 <0.02
M IS 08/24/94 <0.01 <0.03 7.67 <0.005 <0.01 3.76 <0.02
M16 08/24/94 <0.01 4 2 3 7.01 0.0976 <0.01 3.98 <0.02
M17 08/24/94 <0.01 5.17 12.7 0.1718 <0.01 4.31 <0.02
81 08/24/94 <0.01 <0.03 7 <0.005 <0.01 4.17 <0.02
82 08/24/94 <0.01 <0.03 1.43 <0.005 <0.01 1.69 <0.02
S3 08/24/94 <0.01 <0.03 6.14 <0.005 <0.01 3.77 <0.02
85 08/24/94 <0.01 <0.03 10.2 <0.005 <0.01 3.87 <0.02
810 08/24/94 <0.01 <0.03 6.06 <0.005 <0.01 3.69 <0.02
821 08/24/94 <0.01 <0.03 9.45 <0.005 <0.01 3.82 <0.02
822 08/24/94 <0.01 <0.03 6.34 <0.005 <0.01 3.78 <0.02
FB 08/24/94 <0.01 <0.03 <0.1 <0.005 <0.01 <0.1 <0.02
BLANK <0.01 <0.03 <0.1 <0.005 <0.01 <0.1 <0.02
BLANK <0.01 <0.03 <0.1 <0.005 <0.01 <0.1 <0.02
USGS T107 0.0308 0.05 2.18 0.0522 0.016 22.7 0.038
USGS T117 <0.01 0.47 10.3 0.2367 0.012 22 <0.02
USGS T117 <0.01 0.484 10.5 0.2437 <0.01 22.1 <0.02
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August 24, 1994 Monitoring Well Sampling 
WELL DATE P Pb Si Sr Ti Zn K
M3 08/24/94 <0.2 <0.1 6.52 <0.05 <0.05 <0.005 <1.5
M8 08/24/94 0.24 <0.1 8.77 <0.05 <0.05 <0.005 <1.5
M9 08/24/94 <0.2 <0.1 6.29 <0.05 <0.05 <0.005 <1.5
M11 08/24/94 <0.2 <0.1 6.33 <0,05 <0.05 <0.005 <1.5
M12 08/24/94 <0.2 <0.1 6.72 <0.05 <0.05 <0.005 <1.5
M14 08/24/94 <0.2 <0.1 6.53 <0.05 <0.05 <0.005 <1.5
M15 08/24/94 <0.2 <0.1 6.82 <0.05 <0.05 <0.005 <1.5
M16 08/24/94 0.29 <0.1 7.34 <0.05 <0.05 <0.005 1.86
M17 08/24/94 <0.2 <0.1 9.85 0.0701 <0.05 <0.005 <1.5
S I 08/24/94 <0.2 <0.1 4.94 <0.05 <0.05 <0.005 <1.5
S2 08/24/94 <0.2 <0.1 4.87 <0.05 <0.05 <0.005 <1.5
S3 08/24/94 <0.2 <0.1 4.63 <0.05 <0.05 <0.005 <1.5
S5 08/24/94 <0.2 <0,1 6.04 <0.05 <0.05 <0.005 <1.5
S10 08/24/94 <0.2 <0.1 4.38 <0.05 <0.05 <0.005 <1.5
S21 08/24/94 <0.2 <0.1 5.9 <0.05 <0.05 <0.005 <1.5
S22 08/24/94 <0.2 <0.1 4.61 <0.05 <0.05 <0.005 <1.5
FB 08/24/94 <0.2 <0.1 <0.1 <0.05 <0.05 <0.005 <1.5
BLANK <0.2 <0.1 <0.1 <0.05 <0.05 <0.005 <1.5
BLANK <0.2 <0.1 <0.1 <0.05 <0.05 <0.005 <1.5
USGS T107 <0.2 <0.1 3.91 0.0589 <0.05 0.0854 <1.5
USGS T i l 7 0.25 <0.1 5.8 0.2504 <0.05 0.1906 1.841
USGS T i l 7 0.34 <0.1 5.91 0.2542 <0.05 0.195 2.004
WELL DATE T D.O. pH ALK Cl N 0 3 8 0 4
M3 08/24/94 15.5 0.6 6.48 64 0.587 0.017 3.763
M8 08/24/94 14.8 4.1 6.52 72 0.674 0.055 <0.6













M14 08/24/94 12.1 0.8 6.33 70 0.884 0.053 4.67
M15 08/24/94 11.4 2.6 6.53 84 0.976 0.087 5.522
M16 08/24/94 12.9 0.7 6.39 78 1.146 0.084 3.815
M17 08/24/94 12.8 0.9 6.48 152 0.756 0.043 0.712
S I 08/24/94 17.5 8.93 88 0.593 0.008 4.656
S2 08/24/94 12.9 7.27 14 0.354 0.007 3.618
S3 08/24/94 11.3 7.53 100 0.958 0.052 6.031
S5 08/24/94 13.7 8.06 68 0.72 0.006 4.565
S10 08/24/94 18.3 8.97 80 0.612 0.003 4.574
821 08/24/94 11.5 7.42 82 0.937 0.038 5.785
S22 08/24/94 18.3 8.89 74 0.636 0.003 4.592
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APPENDIX E 
WELL LOGS
This appendix contains the available domestic well logs 
for wells used in this study.
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tÂ L v à À T Ë  STARTED - ■ a â r c h '^ l ^ > - - î 9 7 9 ' - ^ T - ^ * >  ’ 
O A T E  c o M F t r r e n  a a r e n  . l a ;  i l y y a -  >;. - >
•-TgpygrrT̂ vV'»̂ ^̂Â??7 AÂa g .'AcràsAna.-.cXjiLrT-i».-»«t-ji'ÿ 1̂%' n»*57 v'.SsBdF̂''grm.Ÿ>X'ÿA' claŷ siMliU:».
rt<r? H t BU f  ̂ ML-tsr
MF3* A > J.-I
MtvÔlMU
A K * ?
TÆ :vita '
12 iaTiAoti
: 0 f  
Fwn»
= l  J R i r r a S  C E ilT If ICATIOM •L .-‘*:. ■ ‘ ^  -'-1 - 
z n  ' I ^ T W , ^  m  itiM tuéu'mi ^ r é d in M  mé Aiinfut -
Jf R e w i m # .  d n « 4-ia « n a a n  .
p. 0 . • Box 118. 'yranehtcim .' ‘ MT 598 V
CanuolItA h y ; .
O f  oifii». # * o f y l .
, |#m <l0Mi tAfPufh .
, nA ucm .
'V y . ■ ■ :./: "'
Well D9
1 6 4
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WtLL LUÜ KtHUHl File No..
S la l t  law  re o jire s  m at th e  S u rra u  s  e asy  6e Hied by m e  w ater w e ll a n t le r  w<mm 60 aaye a lte r  c o m g le iio n  o l  l.'.e well.
1. m t .  OWNER 
N jm »_______ JOSEPH ?■ PELTIER
L  CURRENT MAILING ADDRESS
S o x  1 3 6 3
r’-inrnn. '.T SOROS
J. WELL L0CAI10M
 m. JŒL Seetion. _ 1 2
louninin,
G(wn t Loi 
Suoeivioioii Nome _ 
Treet Numoer _ _
,NiS Ronqt.
nr Lnl
15 ^  nVi Cauniv .Q can lO
t  PROPOSED USE: 
OlfiefG soeei(y_
Domestic CK Slocx G Imgaiion C
t  TYPE OP WORK:
New well g  MemotrOug ”  Sored I
Oeeoened C Caoie 3  Driven 2
Reconditioned G Ro’ iry X  Jetted 3
S. DIM ENSIONS: Oiemeiet ot Mote 
Ola. _  6 in. tmm g .
Oia. _ _ _ _ _ _  in, tmm
Ola. - - _____  n. tmm _ _ _
-It. to , 
. II. to . 




Threaded 3  wewed S  Oia,
Tvne Wall ThieineM . 2 5 0
Casing; Plaslic Oia________ ttcir,.
WeioM Oia  from.
PERFORAnONS; Yd, G NoOc 
Type ol oeddrator used____________________
tmm * -1 ^  ‘ t. to 6 0 * 3 ” i. 
Item_______ ;t, ;e________'t.
_tt.;a_
J t . t o .
Sbeoipefteniieas. -in.ar.
.  perforations Im m .
.perfeiattOASfiom.
J f . » .
J t . to .
J L tO .
SCREENS; Yes G No% 
Manofectunr's Name 
Type
Oia R irw w  Imm
Oia eterm a tmm
.Model No..
.f t. to , 
, f i- :o .
GRAVEL PACKED; 
Gravel placed Imm.
ÏOsG N o a S in o lg m l.
, f L » _______
GROUTED: T a w M d im y  2 0  ;t.
Mmmim.«dh,gmwim, bsentonlte surface seal
-H. .ft. a t. .tirs. alter
1 Curation 01 'esi: 'umpmg time. 
gi Rnnovniv rime 
hi Recovery water levei _
;umping stocptd.
Wells inienceo to yield lOO gpm or more mall lie testai tor a oenod ol S 
hours or more. The test snail toiiow me oevetoomeni oi me well, and small Oe 
tpnducted continuously at a cnnstant discmarge at least as great as tnrin- 
tended aosroenanon. in additiun to me aacne inlarmaiion. water levei data 
snail ae collected and recoided on the Oeoanmeni s Aguiter Test Oats' 
lorm.
n o te  All wells small be ecuioeed wnn an access pen v: men minimum or 
acressuregauge mat mil indicate me snutm oressureol a itomng weii. Re- 
-novaole caos are acseotaoie as access oors.
11. WAS WELL PLUGGED OR ARANDONEO? .  
II yes. mow?_______________________
.res. -No
1Z WELL LOG 
Oeoinift) 
from To formation
r t w y .  ctwfwa. r . r a w t  I
3 o u . lr ie r7 i
-3fl_ a y .  .cU fid . G r a w l  . A rm ,lrr< .rw
I* onrim-i-ji-ova .rSa1i* 1 mtwAww inn■sPa
1 WEU HEAD COMPLETION: 
PitiessAdapwr G TVs G No
1  PUHPpiinaiNM) 
.Uanulaetuiifsnamt.
.Model NO..
am cN  soewoNAL s n o t s  ip  wctBAinr
11 DATE COMPLETED.
I t .  WEU TEST DA*
Hie M a in it llw  itaw sM d lii IMS sediOT Miaoiiind lor a t wedA All dapHt 
meweeeieoM aliae be liem iha we d  me wet eaaéiG.
AH weKa inder 140 gpm mod be lestsd Mr a aunniNm d  one nouf and pro­
vide HM MNoning n lan iia iwe 
at AW -  »■—  RaHer
iilPM IS  1 9 9 0 ,.
IA  DRILURfCONTRACTOirSCERnPiaTICN
This well was dniled under my jurisdictlen and Ibis rtoon is tme »  me MSI oi 
mty Knowledge.
. fR 1230____
M Slade wewriaimi immadlaaely eeloie lesimg
uKynioMaawiwow—  01.
plow conoe led  bF  _ — ralee. 
ofuetHoeeiiyl
II. It How. 
 gpm.
cl OewiiatwiHcnpufnpisadforteM 
dl Thw nHwmmg tme- 1 f ia  « ....... anm.
ptT
WPV.T. raBTTT.TtUf: « OIIMP grtPOT.V 
1522 .s. 14th W ..  M i s s a u l a .  ufP ROftns
el Pumpmgwawnevd 
pumping began.
-S O — f t a i , .h is . alter
sSSSo '
M O N T A N A  O S P A R T M B N T  O F  N A T U R A L  R S S O U R C S S  A  C O N S S R V A T IO N  
v s M W A e T s n r r H A v o N u e  m o u o n a . m o m t a n »  eeeeo.»w)t DNRC
Well D10
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L /
f  ne NO.
WELL LOG REPORT v W
State law requires itiat this form tie filed by the water well driller,wUhitt 60 days after completic
0 2 8 2 7 8
1. WEU OWNER Name PATRICIA RYAM
2 .  C U R R EN T M A ,I , W ^ D g R ^ ^ ^
:sdn iiateo, u\ jA-'’-üT
8. WATER LEVEL 
Static water level (
II llowing; clesed-in pressure _ 
3 gpm
I leel below land surtace 
_________________psi
Controlled by: valve. reducers, |
_«lier, (specity)_
3 . WELL LOCATION
County_________n ^ ir< i» a
Towmsltip




’/ .  V. V. Sectlon_
IJ^TT Block
.other, (soecilvl Air Cororessor
Pumping water level below land surtace:







PROPOSED USE Oomestic C  Stock 
Other C  specily___________________
Irrigation
10. WAS WELL PLUGGED OR A8AN00NE0? 
If yes, how?__________
Yes No
11. DATE COMPLETED A .jcust 3 1 . 1907






.other isoecilvl J n v e n
12. WELL LOG 
Depth m.l 
From To
AATTICIPATE] YIELD LESS Î1 ! IDC 
Formation
WELL CONSTRUCTION AND COMPLETION T Clack Dirt A 'jravgj 
Clay, Sand 1 <̂ ravo1 
3and. Gravai La tar
SUtel S ilt ted frem
SriMee wtiyM (IMI)
hSM el enny
c" 6"ID +2'117 I t
per f t .
r<












25 27 Clav J SraveI
J L
.13
Sard. Gravel 2 Unter
ao 59 Sand l a t e rffi 3 ro'-m Sard. Sravel S ' . la te rGravel. A "ater
Was easing left open end? 
Was a packer or seal used? 





le w  w e e n w  leeet a «eeeswrvi
Was the weU gravel packed? Tes
Was the watt grouted? '  Yes
To what depth ?______  20
No
" no
Material used in orouttno b e n to n ite  s u rfa c e  se a l  
Wei head completion: PRiess adapter
 Yes  No
Top of casing 12 in. or greator above grade
X Yes  No
7. WHAT IS THE TEMPERATURE OF THE WATER? 
as Degrees Fahrenheit
□  Measured d  Estimated
13. DRILLER’S CERTIFICATION
This well was drilled under my jurisdiction and this report is 
true to the best el my k n o w l e d g e , .  ,=.1 ;
OM
C:.” P '.'ELL D 2ILL I:": '■ SUPDLY 
" " " l5 2 Z _ S . i ; t ; i  '" is s o u la ,  cT  3 = .:" I
A aerM t,
SitMlure ÜWM* Ne.
MOMTAMA OCfAmrmCMT or MATttmAL MCSOUmCCS A COMStMVATIOM
33  SOUTH eW IHQ H eLE N A , MOHTAHA 59630_________________  AAA ^IQONRC
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 6 7




F ile  N o . .
S ta r* (aw r t q u im  tha t iha Buraau'a co py  ba lila a  by iha  w atte  w a ll pettiar w ilhm  SO Para a lta r  eorrtpietia  i uu i'ia  avrr.— -— 7 
_________________________________   J r r y . 7  ■=! - r jQ .  /
1. W£llO'aH€R
V . j . i r - r
L  CJMCNTMAtUMGAOOItESS





t  PMPOSCOWSË Oo<milc£7 SloctO tiMgmwma 
OltMfCMaoftr
S. n p e o F w a fc




Oia ■ III haai r
a *  in (mm— ■
Oia -  in, hom
. I t » .
. I t » .
T. coNsnucnoNoeuiLS:
CasancStM 












.S ta m a .
.S tiM U *.
. I t » .
.& » .
OMVa.HCXEBc
S iM tM a P t» » .
itoO i»a suadtraml.___ I t »
QMUTBk a#*****?.
WMfuf I » *  »  irouilne _ _ 3 C S = i l
:o
zaal
ri DiiaiiMalltte Humana nmt iw.
0 SaemtrytmtA* ««cwtwywtMfUw»_____  « a9vfflo<i»yieopM.
««•Ni inranita »  ywM 1OO ppn v  n o »  voM 6» lasM  lot i  otnoO ot 1 
houn or mom. TO* i tn  inajl »iio« Uw ooMWOflwm « IIM wall, ano siuii M 
conoueioo ootiMHMuiiy at a eonsiani Oiaoaaioa at loan a  çitai s  in* ki- 
tanOao aopreottauon. wi aM lon »  0»  aeon mioniiatisA. waur lavat data 
m n  M  oii«e»o ano laconoao on 0»  Oaoamiwnrt ‘aauiiar W  Qau‘ 
loim.
NOTE NUails aiiali a  tw » o M  wiWi «  aecoa oon'h MA iiMiniuii or 
a oraooun gauf* mat wO indicaM in* tn u i«  praoaura at a Oowiiio «an. Pa-
11. pwswmptucctDQRAt*NOONS>y. 
Ily*a.n*a1____________________
1 1 watijoo 
SaplAIIU 
Fran T* FarmaOan
t  waiMUOCOMPtEnOW 





k U d a p *
. vraxToriun
n » la » n » B*n » o ii» i»d l> W * aocOita rappiraO Waadara 
oM w anaa»  anal «* A M  PM np  «  0» M i  eata».
an M « t unoar iM  tpm mud 6*  MaiaP tpr a iM M wPal on* I 
«0*  • »  waomng in»im a»n;
•  air Puran Rnlar .
PI airmr mrawlirarayIManMMp ■ ll-ltRaw
uiwanaaan «<»*«»*  nai an».
14. om tuR icoiiTR icm R? cam m cm oia
This M l  M *  anlao lawai ny iwtadietHA ana flp* rapert is e w  »  th* b*at «
FloweaiMipiMaay:. 




- I t « . .  IV», attar
M O N T A N A  O e P A H T M e N T  O P  N A T U R A L R C S O U R C S S  «  C O N SER VATIO N  A f  O
laan (AST PiMTM avPM uP w pupw A. raoMTAMA a»#a».**»a w tw a a ta  I W I 1
Well D13
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g o Z * - irs'M
WELL LOG REPORT _________
S tu »  law ra a u in a  that tha  B u fa u 'a  capy  d# M W b y  f/w  w ata rw a llprtila r w ithm  6 0 days a /ta reom pla tlon  o f lha  wall.
I. WÎILOWHBI -• 
Hlliw ■ ALICM  CL3CW
i  Cl
1330. 
Q ± n to f> ;  r t ï  i>!?8^5
1 waiioomoN
t «  u
l i m
Govn’t U I ______
SuMMsionNaM. 
Tnet Nufliatr _ _
,■415 R#q*. 
. « L S I . .SP*______
4. fWWSEOlÂë OafwMeCf S M tO  ungawiO 
omWCiMrt» ■ - " • -- ~
S. TTfPEOfWmt,-. L- . - .
N#»M* _ (f MahotO»;O 
■ Oewewd- ■ -.■• Can* - -Q  - .Qrtwi S - ~
“ RKaidiWmWr- Oç?-—.'r Away-'-f
(. «UENSION&aartMratHal* - i  ' . r v -  '  "
fli*. - ift- iKWt - _ -- B. jg-* ' -
(%*.-  « i b M  - -  ___ ■ ~ - - a.ta ■--: -1 :ii2~
-Lin.4
0 Ounllonat«MPuffl»ino(iiM.
«  A am afom #________ nis.H| aatonrfnutwm 
- puAiaM«$io«cM.
VWU wwnoM 10 r<«M 100 « m  cr tnoi* 9IUU b* tM itb lor 1 m xM  011 
M m  o( mei% r>)« iH t in M  low v iM  onaoonMM «4 mo imM. M  uvm M
conoucm comMuoMiy a  a eonum oucft«oo 41 M*M «  * •  ib* «i*
1*00*0 aoooMoaOo*. m aaoiNoo «  IM  aso** mloffliaian. *a i*r i«m  (Wa 
mao M  ceMcM aoo acem o on «in Oonmoni’a *Min<oi r**t OM* 
 ̂ . —
M IC: M  MOatnatt M  ooniooad man an acom  oort <0 m a  nwuraiini or 
a pmaaun fau t* taa* wiH iooicai* IM  oMiMn p n ia n  a< a Oomno wail. A» 
------------------------------------------««aooni.
ta. W«SWEUnuCCSIO«M*MOONEDT. 
ll« n M m
. fa n . .NO
tî . W O tU »  r_.-






l i l .
-SlSXifcwâÉŒâJliiiiiiiàBtiGStiL.
■AnM. G r a v e l  é  > a t e r
G«Y
-  C iâ v :  Sand.- a r a m l  ê t te ta c
TViaoao □  VMMno »  oin  ' a a n a _ _ f t . ln .L _ J t  











.u e M M t..
.S M a ta .
.smaan».
. d m .
. d m .
«ummcxtlk dnO
RanutUMMl
N o »  S m oagnM . 
 oa»
* anüdgaoaa" yimad aaiSdmc lüU





.amont No.. .H ft.
*mew»o«mowaimi*m»iiKcnaiiy
IX ftâiteoiinuTm — auæimdJli--1991 _
1 0. wEunsraiiB
ftmmiaanmoi» i*maianmmmancilnnmi*annnomtnl
   anal On tan# oan mont tan onOeaom#.
- âiwmwaearioooemnnmiMmninemf*
■ •- «ton un toOonFni mtnmaNtw . -  —. -  .?
■ --------- 3 * .
LAlOntOa ta. DttftistiGiMrwaoirscaiTincainoN_  TWO ■nOnmdiOtail ainaafHirtiniaomoo"  an* mm inanwm inan mm* gantai
al-ai»: ym»'
amquim-armi: :
m Slanic «naaFinant InnnnolmntiaOnmin rniOni .  
iiiil I am un nmaiinn  ont.
.«.oim» f-?— -■ ,  -C M » to u .  ORXLLCCi (  EftHP SOPOX-
r ioocantiotlnom. 
«tiKlfoncOtt.0 anomal amen HnnpmammaiMi.01 TMomnemoimm >Q0*_
a Pw nom eenw iw tl. 
omnomongan.
. l iL .
-£û- . d « . .nn.aNta
N , .M uaoailm , KF 59801
MONTANA OePANTMSNT OF NATURAL MSOVflCSS » CONSFRVATION O  A #  D  ̂
,  u n  « A T  naarfM a v Oh u «  x« l«»aA . m o m t a m a  n*#n»noon  f a r  f  W  »  1
Well D14
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1 Q W  t KfPÜN 1W #
- , -  r .  ;  STATÏ OF MONTANA 
-  ADMINITTXATOR OF OFOUNOWATER COOf | 
MONTANA WATER RESOURCES BOARD
AU-3 3 0!97! DRIUiR'S lOG
NOTICE OF COMPLETION OF GROUNDV£àS£ft 
APPROPWATIOM BY MEANS OF WELL
'  JP#v#l*R#d « ft« r M tiu w y t, .  m a '
. (U«»<W 'C>i«p^a37 MWWK. S«iiMB- Uw». I N I .  t«  Mw«nd»rf)
Thi* form  to  tw p ro o o ro ü  by d rille r, and thro# copia* to bo NIad 
by tho ow ner w ith  tit*  County C lerk *nd Recorder in  the county in 
w hich the w efi iy loeeted,-lew copy to  be lareined b y 'd r ille r.-
M s n t a r . *  'h e  c h a r ic te r ,  c o lo r ,  th ic k -
V f î . r a * .  - -  ■ ■ . A M I  o f  I f r a fa  su ch  aa so#!, c la y ,  sa nd .«r&
o t p t l i  I f  w h ic h  w i r e r  ii fo u n d  a n d  
h e ig h t  w a fe r  r iw is  in  w a i l .
Too oi Ground rScT, «taw HA k̂ Rfl
POP Adminiiirator'* U*a
T T r / 7 ^ ^Dale well itirted
completed j$!B-S5*J22ilL_
GW I.
I- JtarLgLrjiv rr1-;r A <m«;Ny-IIAT I Fnw-wy
-  : - t  - -  r -  ,
TAT to 0>t -‘mrwyar*** wn 
I •— ' t  A  -■ iw j'jm T
.«L’iSZ-Li aCL'u I rI
Type of well "?7T ''IT*'
'HUUS-Epuipmeni weed
Wcier Uui Oemeaiiĉ  I Munkdpel □  ̂Stack Q Irrigedom □
Indwiiriel Q '.-'Drainage □ -; Other Q* i- Garden/Lawn Q
. ' ....f uied for Irrigation, induatiial, drainage or other. Explain, late oumber of acre* and location or other data Oa. lot. Block




ĉ r̂ implng:y5pir lave* ZlXi.
> art' - • 1- ■ - «11—.' ~par m inuta. 
;:z T rn # iâ u re d a ù Z riiirtü t**"a fle r pum ping
avWall d e râ h p *d ;b y te S t-5 B l a " lw .« ,
. Fewer « p â L - ^  h iro p lè   HP
/R a m a rka i'K ra ire l packing, cem enting,
?/TcHprr Ff .: ** ^
L2 i?lT_AA_AE_ m R— iIZLaa i 
s’ w
indicate location of wai and piace of use. ip possibu.EACH SMAU SQUARE REPRESBiTS 40 ACRES.
Driller'* SIgnefwro --
Driller-. Addrera 125L%.:5taai:f.J(iriC.._6a_.KCa:.. 
___________________ LICENSE NO._l"l...
■n
37 ft#" Show axao depth of bo nom
Well D15
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1 7 0
Dl-t
— - W A - .
“ÆS*i aw 1 KnaH IHt 
 —
ADMINISTHATO* OF GROUNDWATH* COOi 
î  ■?'■ - M ONTANA WATCT RESOURCES BOARO *  rr'— ' ■■— ■■
NOTICE OF COMPLETION OF GROUND 
; APPROPRIATION BY MEANSjOF^WElf: .-
(V n y *f"C k ,p ^  137 M o o tw  SMiioh
; '^ .■ .V f.jln d ld it*  rtw _eh«facier.Vcolor;-fhiek-BuÏMâ'àiHH' û ,6n. d.fTwn'̂ ÿ'
-— - -  «f w hidi-.wrtor^ 1*  .found «nd,.-.Ç.,
» .T«.*3w
fom» K a ^ fu i t io d , ’ !
Ownef. «ô ̂ fiAdmfh&AÂàPf U*#S
gL3aA,».7..yr.iTffI nrf
„ ;m s 8 M S ite iiE F
IV» ■ - * ...A* .A-!'c-;î;c. » * r  4* AA. --A V --V--V. vtfj-. A  >  < r-A'.i-, #
• » •.«  * ï. J -. '.
*it.-f-
•5».Oyî-Oth» G « rd *n /U w n  n i








A g-^- RonwfcuT, (Gf«vM podtlng, camonring.
^  y :-=_!--------- L̂ :— — ---------------- - —
. ,  ,_______ ,.  --:i?Ff'.<i;.--»Jï-Tj-ON»fï'T<‘- -  -
INOICATÏ LOCATION, OF W EU AND PLACE O f USE; IF POSSIEIE.
: LICENSE NO.185 _2^ _ O s _  Show t*éa dcpiA at boitam
Well D16
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03*1 lOM C.CÎCOi^'A
WELL LOG REPORT Fii*No;
S t ite  !»w reou ina  that ih t  Buraau'a eooy 0» ntaa try tha va ta r wait o n iia r  w ith in  SOdaya a fte r co rtie ia iian
R E C E I V E
I..."
JUL 1 -1 :S90
D f
Î 7 0
I. WELL OWNER 
Him* W i l l i a m  C» i  J o v e e  L .  3 e th J c a
1 CUAAEHTHAIUMGüOOKESS
H .c. as 2ox m o
Clinton. Mantana S982S
1 WELllOCATMN S* 1. ffW s w , 'k  SactloA 3
Townsmo 1 0  Ifait Aamu l 6  CminwC r a n l t e
G on ifttjr iE S 0 0 0 1 7 & ftn i  I S  o f  IO m m









MttnoitOiit 3  3ond
CwM Oc Cm**





. U  !mm. 
. U  Iram.
. lA. Ii«m.
. I t iO ,  
. f t l o .
2 9
7. C3NSri)UCT»N0eniL&
Cutng;Sint OU 6** Imni l i u D i m 29 *
TtiflMdtfl Z  'fW M  3  OU_____ !(0*________(t (0______ t
f " u  *•*• 5 3 3  U U  D iiU n n * « 2  3 0  
C uidçfU M te o u  II*
fERfOMTUMS: YnO




_ j t w .
SCREENS: m o
MamiUcnnrs Nami _ _
W _________
O U__________ S W on
n u  su n m
MOC
SMmfWXEBE fno
Q fo w a tm a lM
Nog StoUEM.It »
OROWTED: . %*M4n«t_JLS_— «• ‘ 'uuMiUiiMduogMO— b#ntomit# ^  Q/I.
s vucuHEWcoMncnoik 
fWMotwnur. . Qtw - #No
1 fUNfflWuUlM 
UonwUettiwtiHRU.
lypo. .MOM NO.. .M R.
to. WtUTESTMU
Tho mtenewwiioeoeeWUMinebieUioewlieoUt «*•*«*. AS « * •  
iW iiowoiiotiMMSoNonSuloootM'Mi l t n u»
AS woSo « M r 1B  Etmuon M M U* hr onntiMO otOM nm  M  pu- 
liO* M  hseooiE lolonnuish
«  Air R w   **‘* ' - 3 »
Sloth w n r iM iim noM nif aohi* nuuE-
inyaoiioiaoioioo»_________POL.
flaveoonoiwah_______ u ru ..
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